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(57) By use of charged particle beam images picked 
up in different conditions, a positional displacement 
caused by parallax is analyzed, and an optics of an ap- 
paratus for charged particle beam microscopy is cor- 
rected automatically. An analysis method using phase 
difference of Fourier transform images and having ana- 
lytic accuracy lower than that for one pixel is adopted 
for the displacement analysis. In addition, a degree of 
coincidence between images calculated in this analysis 
method is used as a criterion for evaluating the reliability 
of an analysis result. Since the analysis method based 
on parallax is low in specimen dependency, the opera- 
tion range is expanded. In addition, by adopting a high- 
accuracy displacement analysis method, the apparatus 
correction accuracy is improved by one digit. A malfunc- 
tion preventing flow is added using the degree of coin- 
cidence as a judgement criterion. Thus, the apparatus 
can deal with unmanned operation. In addition, the de- 
gree of coincidence can be used as a monitor of inspec- 
tion states or a record of states in an inspection appa- 
ratus. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an apparatus 
for aulonnalically adjusting an optics of an apparatus for 
charged particle beam microscopy. 
[0002] As for automatic correction of an optics of an 
apparatus for charged particle beam microscopy, there 
are three known examples as follows. A known example 
1 is an automatic alignment unit for a scanning electron 
microscope disclosed in JP-A-1 0-92354. In order to ad- 
just a primary electron beam to pass through the center 
of an objective lens, images before and after varying an 
exciting current for the objective lens are acquired re- 
spectively. After the acquired images are binarized, the 
displacement direction and the displacement distance 
of the image caused by misalignment are calculated. An 
alignment unit is controlled so that the displacement dis- 
tance vanishes. A known example 2 is an automatic fo- 
cus corrector for a scanning electron microscope dis- 
closed in JP-A-7-1 76285. The focused state of a primary 
charged particle beam is varied. A high frequency com- 
ponent of an image acquired in each focused state is 
extracted, and an integral value of one screen of the ab- 
solute value thereof is recorded. Such integral values in 
the respective focused states are compared, and a fo- 
cused slate of the primary charged particle beam having 
a maximum integral value is judged to be an in-focus 
state. A known example 3 is an automatic focus correc- 
tor for a transmission electron microscope disclosed in 
JP-A-11 -138242. When a specimen is located in an in- 
focus plane, an image is not displaced before and after 
the incident angle of a primary electron beam is varied. 
However, if the specimen is out of the in-focus plane, 
the image is displaced before and after the incident an- 
gle of the primary electron beam is varied. This paral- 
lactic displacement is analyzed in a method using phase 
difference of Fourier transform images, and converted 
into a focal displacement so as to correct the focus. 
[0003] Problems in the respective known examples 
will be summarized as follows. 

[0004] As for the automatic alignment unit as de- 
scribed in the known example 1 , there can be mentioned 
a restriction on applicable specimens. It is difficult to ap- 
ply image processing including image binarization to a 
low-S/N. that is. low-contrast image. Such image 
processing can operate only in a high-contrast field of 
view for adjusting an optics. In addition, geometrical 
analysis is easily affected by image deformation caused 
by a focal variation, so that satisfactory displacement 
analysis accuracy, that is, alignment analysis accuracy 
cannot be obtained. 

[0005] In addition, the displacement analysis used in 
the known example 1 has no function to express the re- 
liability of its analytic result numerically. Even if analytic 
impossibility has been caused by image deterioration, 
an incorrect analytic result is outputted as it is. For ex- 
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ample, if a displacement from an optical axis is too large, 
a specimen may get out of a field of view due to a focal 
variation so as to cause impossibility of displacement 
analysis. In addition, If a focal variation is too large, an 
5 image may be indistinct enough to cause impossibility 
of displacement analysis. In the automatic corrector, 
there is no guarantee that analysis is always carried out 
correctly. Therefore, means for evaluating the reliability 
of the analytic result, and a function to interrupt the cor- 
10 rection when the reliability runs short are required. 
[0006] As for the automatic focus corrector as de- 
scribed in the known example 2, dependency of analytic 
accuracy on specimens can be mentioned as a problem. 
If a specimen itself has a sharp structure, there can be 
^5 seen a clear difference in integral value of high frequen- 
cy components between an image when the specimen 
is in focus and an image when the specimen is out of 
focus. However, if a specimen itself does not have a 
sharp structure, there is little difference in integral value 
of high frequency components between an image when 
the specimen is in focus and an image when the spec- 
imen is out of focus. 

[0007] In addition, a large number of data are required 
in a so-called asymptotic method in which the conditions 
of an objective lens maximizing the sharpness of an im- 
age are searched while the conditions of the objective 
lens are varied. Data take-in time is limited by physical 
factors such as the luminance of a charged particle 
source, the sensitivity of a detector, and so on. There- 
fore, if data take-in time per unit data is made too short, 
the S/N ratio of data deteriorates so that analysis be- 
comes difficult. In addition, if the number of data to be 
taken in is reduced, analytic accuracy deteriorates. 
[0008] In addition, in the same manner as in the 
known example 1 , there is no index for evaluating the 
reliability of an analytic result. Therefore, even if a focus 
cannot be analyzed because there is no sharp structure 
in the field of view, an incorrect analytic result is output- 
ted as it is. 

[0009] In the automatic focus corrector for a transmis- 
sion electron microscope as described in the known ex- 
amples, it is assumed that there is a deflector for varying 
only the incident angle of a primary electron beam. Only 
in the case where the deflection fulcrum of the deflector 
agrees with the in-focus plane of an objective lens, only 
the angle of the primary electron beam incident to a 
specimen varies when a deflector control value is var- 
ied. In any corrector having no deflector with a deflection 
fulcrum substantially agreeing with the in-focus plane, 
focal displacement analysis cannot be carried out. 

SUMMARY OF THE INVENTION 

[0010] Measures carried out for adjusting an optics of 
an apparatus for charged particle beam microscopy sta- 
bly, at a high speed and with high accuracy will be shown 
below. 

[0011] For analysis of axial displacement, an analysis 
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method using phase difference of Fourier transform im- 
ages is applied to displacement analysis between imag- 
es before and after an objective lens current is varied. 
This displacement analysis method can analyze even 
low-contrast images. It can be assumed that there is on- 
ly a 6 peak in a position corresponding to a posilional 
displacement in an processed image obtained by in- 
verse Fourier transform of a phase difference image be- 
tween Fourier transform images of the respective imag- 
es. Accordingly, the position of the 6 peak, that is, the 
displacement between the images can be obtained with 
accuracy of 1 pixel orlessby the cak^ulation of the center 
of gravity of the 5 peak position. Further, intensity of the 
S peak calculated after standardizing the intensity of the 
processed image can be regarded as a degree of coin- 
cidence between the images. Since this degree of coin- 
cidence can be regarded as a degree of reliability of the 
analytic result, an acceptance/rejection judgement func- 
tion for the analytic result using the degree of coinci- 
dence is provided. 

[0012] As for the focus correction, a focus analysis 
method is operated only in a specimen for adjusting an 
optics in consideration of specimen dependency and 
analysis time, and the following analysis method is ap- 
plied to fine adjustment of focus when an image is 
picked up. ln;this focus analysis, it is utilized that the 
following relationship is established even in an appara- 
tus with a deflector in which the fulcrum of deflection 
does not agree with the in-focus plane of an objective 
tens. In a first focal displacement F., set by an operator 
or specified In an analysis method using sharpness of 
an image as a criterion for evaluation, images before 
and after a deflector control value is varied are acquired 
respectively, and a first positional displacement be- 
tween the images is analyzed. Here, the control value 
is a current value, a voltage value, or a digital signal for 
controlling them. On the assumption that the incident 
angle variation, that is, the axial displacement variation 
of a primary electron beam is 5 a, the magnification is 
M. and the spherical aberration coefficient is Cs, the po- 
sitional displacement and the focal displacement F., 
have a relation of Di=l\/l-6a(S+F^+Cs.6 a^). The item S 
designates an image shift caused by the disagreement 
of the deflection fulcrum with the in-focus plane of the 
objective lens. After that, when the images before and 
after a deflector control value is varied are acquired re- 
spectively in the position where the focal displacement 
is F.,+5F, the positional displacement D between the im- 
ages can be expressed by Di+5D=M'6 a 
(S+Fi+SF+Cs-S a^). Thus, a difference 6F from the first 
focal displacement F^ can be obtained from a difference 
50 from the first positional displacement D■^. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

Fig. 1 is a view of a basic configuration of an auto- 



matic alignment unit using an alignment deflector in 
an electron microscope; 

Fig. 2 is a view of a basic configuration of a scanning 
electron microscope; 

5 Fig. 3 is a flow chart showing the step of picking up 

electron microscope images; 
Fig. 4 is an explanatory view showing the relation- 
ship between a positional displacement D of an im- 
age and an axial displacement a from an optical ax- 

10 is caused by the variation of a focus; 

Fig. 5 is an explanatory view showing a calculation 
process for displacement analysis; 
Figs. 6A to 6C show a first image, a second image 
and a fifth image made up by in-plane rotation of 

IS the second image by an angle 6,, respectively, 
which images are used for explaining the step of 
displacement analysis between images at an angle 
e with each other and displacement analysis be- 
tween images with a positional displacement D from 

20 each other; 

Fig. 7 is a flow chart showing the step of analyzing 
a positional displacement between images having 
a relation of rotation with each other; 
Fig. 8 is a flow chart showing the step of automatic 

25 alignment using an alignment deflector; 

Fig. 9A shows a screen for use in automatic align- 
ment, and Fig. 9B shows a simplified screen of Fig. 
9A; 

Fig. 10 is a view showing a basic configuration of 
50 an automatic alignment unit using an objective ap- 
erture in an electron microscope; 
Fig. 1 1 is a flow chart showing the step of automatic 
alignment using an objective aperture; 
Fig. 1 2 is a flow chan showing the step of automatic 
35 alignment for stigmators in an electron microscope; 

Fig. 13 is a view showing a basic configuration of 
an automatic alignment unit for stigmators in an 
electron microscope; 

Figs. 14A and 14B are explanatory views showing 
40 the relationship between a positional displacement 
and a focal displacement between images caused 
by an axial displacement variation from an optical 
axis, Fig. 14A shows the case of in-focus, and Fig. 
14B shows the case of out-of -focus; 
45 Fig. 15 is a view showing a basic configuration of 
an automatic focus correction unit in an electron mi- 
croscope; 

Fig. 1 6 is a flow chart showing the step of analyzing 
and recording a positional displacement between 
50 images caused by the variation of a control value of 
an alignment deflector; 

Fig. 1 7 A shows a screen for use in automatic focus 
connection, and Fig. 1 7B shows a simplified screen 
of Fig. 17A; 

55 Fig. 1 8 is a flow chart showing the step of automatic 
focus correction in an electron microscope; 
Fig. 19 is a view showing a basic configuration of a 
scanning electron microscope; 
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Fig. 20 is a view showing a basic configuration of a 
scanning transmission electron microscope; 
Figs. 21 A and 21 B are explanatory views showing 
the shift of an image when a control value of an ob- 
jective lens is varied in an electron microscopic im- 5 
age having a peripheral distortion, Fig. 21 A shows 
Ihe case of a small axial displacement, and Fig. 21 B 
shows the case of a large axial displacement; 
Fig. 22 is a view showing a configuration of a circuit 
pattern inspection apparatus; io 
Fig. 23 is a tabic showing electron beam irradiation 
conditions suitable for a semiconductor device cir- 
cuit pattern; 

Fig. 24 is a flow chart for explaining the flow for es- 
tablishing inspection conditions; 15 
Fig. 25 is a flow chart showing the flow of automatic 
inspection; 

Fig. 26 is a view showing a whole configuration of 
a specimen observation apparatus in which a fo- 
cused ion beam column and a scanning electron mi- 
croscope column have been combined; 
Fig. 27 is a view showing the specimen observation 
apparatus engaged in making up a specimen; and 
Fig. 28 is a view showing the specimen observation 
apparatus engaged in extracting a specimen and 
observing a section thereof. 

DETAILED DESCRIPTION OF THE INVENTION 

(Embodiment 1) 

[0014] Fig. 2 is a view showing a basic configuration 
of a scanning electron microscope for use in an embod- 
iment of the present invention. The scanning electron 
microscope is constituted by an electron gun 11 and a 
control circuit 1 1 ' for controlling a primary electron beam 
acceleration voltage or an extraction voltage; condenser 
lenses 12 and a control unit 12' for controlling current 
values thereof; an objective aperture 13 and a control 
unit 13" for controlling the hole position of the objective 
aperture; stigmators 14_1 and 14_2, and a control unit 
14' for controlling current values thereof; alignment de- 
flectors 15_1 and 15_2 for the respective stigmators, 
and a control unit 15' for controlling voltage values or 
current values thereof; an alignment deflector 16 for 
condenser lens, and a control unit 1 6' for controlling a 
voltage value thereof; a scanning deflector 17 and a 
control unit 1 7* for controlling a voltage value or a current 
value thereof; an ExB deflector 18 and a control unit 
18' for controlling a voltage value or a current value 
thereof; an objective lens 19 and a control unit 19' for 
controlling a current value thereof; a specimen stage 20 
and a control unit 20' for controlling the position thereof; 
an electron detector 21 , and a control unit 21' for con- 
trolling the gain or the offset thereof; a specimen height 
sensor 22 using laser, and a control unit 22' for control- 
ling the measuring conditions thereof; and a computer 
23 with a control program and an image processing pro- 



gram. The respective control units are controlled by 
commands from the computer 23. An image of a sec- 
ondary electron beam emitted from a specimen in re- 
sponse to a primary electron beam incident to the spec- 
imen is formed synchronously with an electron beam 
scanning signal of the scanning deflector 1 7 and an out- 
put signal of the electron detector 21 . The formed image 
is transmitted to the computer 23 through an image 
transmitting cable at a high speed. The computer 23 an- 
alyzes the transmitted image, obtains apparatus control 
values, and adjusts the scanning electron microscope. 
[001 5] First, the step to obtain a scanning electron mi- 
croscope image will be shown in Fig. 3. A primary elec- 
tron beam is extracted from the electron gun 11 with an 
extraction voltage Vl , and an acceleration voltage VO is 
applied to the primary electron beam. Assume that a di- 
rection parallel to the optical axis of a mirror body is a 2 
direction, and a plane orthogonal to the optical axis is 
an XY plane. A specimen 24 is inserted, and the height 
of the specimen 24 is obtained by the specimen height 
sensor 22 using laser. Then, the 2 position of the spec- 
imen stage 20 is adjusted or the control value of the ob- 
jective lens 1 9 is adjusted so that the focus is corrected 
to be in a range where an image can be analyzed. That 
is, rough adjustment of the focus is carried out. This 
rough adjustment may be carried out using an image of 
the specimen 24 while confirming the image at a low 
magnification. An XY moving mechanism for the speci- 
men stage 20 is used to select a field of view for adjust- 
ing an electron beam optics. Next, the displacement of 
the incident primary electron beam from the optical axis 
of the objective lens 19 Is corrected. While the image 
shift when the focus of the objective lens 19 is varied is 
detected, the position of the hole of the objective aper- 
ture 13 or the control value of the alignment deflector 16 
is adjusted to minimize the image shift. Next, the optical 
axes of the stigmators 1 4 are adjusted. While the image 
shift when the control values of the respective stigma- 
tors 14 are varied is detected, the control values of the 
alignment deflectors 1 5 for the stigmators are adjusted 
to minimize the image shift. After such alignment, focus/ 
astigmatism is corrected to be in the field of view for ad- 
justing the electron beam optics. Next, the specimen 
stage 20 is used to move to a field of view for photogra- 
phy. After the focus of the objective lens 19 is fine ad- 
justed so that an image can be observed clearly, the im- 
age is taken in. 

[001 6] The present invention described below relates 
to automation of alignment of the objective lens, align- 
ment of the stigmators, and fine adjustment of the focus 
of the objective lens in the field of view for photography, 
among the above-mentioned steps. 
[0017] First, Fig. 4 shows an explanatory view of the 
analysis of axial displacement of the objective lens. 
When a primary electron beam 30 incident to the objec- 
tive lens is displaced from an optical axis 31 of the ob- 
jective lens 19 by a=(ax, oty) at a magnification M, the Z 
coordinate of the focus is varied from a first setting by 
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6F in response to the variation of the control value of the 
objective lens. If the focus of the objective lens is set 
thus into a second setting, the position of the primary 
electron beam incident to the specimen is displaced by 
(dj^, dy)=6F- (ttj^, tty). Accordingly, there is a positional 
displacemenl (0,^, Dy)=M {dj^, dy) belween a firsl image 
picked up when the focus of the objective lens is set in 
the first setting at the magnification M, and a second 
image picked up when the focus of the objective lens is 
set in the second setting likewise. The axial displace- 
ment {a^, tty) is obtained by use of this relationship. A 
control value (1^^ x- 'al y) alignment deflector 16 

required for making the axial displacement (a^, Oy) be 
substantially zero is calculated to correct the axial dis- 
placement. 

[0018] Fig. 1 shows a basic configuration of an auto- 
matic alignment unit for the objective lens 19. After the 
field of view, the magnification, and so on, are estab- 
lished, the focus of the objective lens 1 9 is set to the first 
setting. Then, a first image is picked up. The control val- 
ue of the objective lens 1 9 is varied to set the focus of 
the objective lens 1 9 to the second setting. Then, a sec- 
ond image is picked up. The computer 23 performs such 
control. In addition, the computer 23 calculates a posi- 
tional displacement D and a degree of coincidence be- 
tween the first and second images by use of a displace- 
ment analysis method using phase difference of Fourier 
transform images, judges whether alignment should be 
carried out or not on the basis of the degree of coinci- 
dence, and calculates the control value (I^^l x> UL_y) 
the alignment deflector 16 required for making the po- 
sitional displacement (D^. Dy) be substantially zero. 
Thus, alignment is carried out. In the scanning electron 
microscope, it is difficult to measure the physical abso- 
lute value of a focal displacement variation caused by 
the variation of the control value of the objective lens 
19, or the physical absolute value of the axial displace- 
ment variation caused by the variation of the control val- 
ue of the alignment deflector 1 6. In addition, in order to 
make the axial displacement be substantially zero, it is 
not necessary to know the absolute value of the focal 
displacement or the axial displacement. Therefore, the 
positional displacement D is converted directly into a 
variation of the control value of the alignment deflector 
16, and the control value of the alignment deflector 16 
Is set on the basis of the calculation result. Thus, the 
axial displacement is corrected. 

[0019] Incidentally, in order to vary the focus of the 
objective lens on a specimen, an acceleration voltage 
forthe primary electron beam may be varied. The optical 
axis with which the image shift is minimized when the 
control value of the objective lens is varied is called a 
current center axis. The optical axis with which the im- 
age shift is minimized when the acceleration voltage is 
varied is called a voltage center axis. Although descrip- 
tion is made with the current center axis by way of ex- 
ample in this embodiment, similar alignment can be car- 
ried out by the voltage center axis if the focus of the ob- 



jective lens 19 is designed to be varied by the variation 
of the acceleration voltage. 

[0020] Here, Fig. 5 shows an explanatory view of a 
displacement analysis method using phase compo- 

5 nents of Fourier transform. Assume that two images SI 
and S2 with a positional displacement Dy) are 

described as S1(n, m)=S2(n-»-Dx, m+Dy). Assume that 
two-dimension discrete Fourier transforms of S1(n, m) 
and S2(n, m) are S1(k, 1) and S2(k, 1) respectively. 

fo Since there is a formula of F{S(n+D^, m-f-Dy)}=F{S(n, m)) 
exp(iDj^-k+iDy-1) in Fourier transform, it can be trans- 
formed to 81 (k. l)=S2(k, l)cxp(iD^>k hiDy l). That is, the 
positional displacement between 81 (k, 1) and S2(k, 1) 
is expressed by the phase difference exp(iDx-k+iDy-l)=P 

15 (k, I). Since P(k, I) is also a wave having a period of (D^^, 
Dy), there appears a S peak in the position of (D^, Dy) in 
a processed image P(n, m) obtained by inverse Fourier 
transform of the phase difference image P(k, I). Inciden- 
tally, inverse Fourier transform may be applied to an im- 

20 age in which processing of log or root has been carried 
out on an amplitude component of S1(k, l)'S2(k. I) 
*=IS1IIS2lexp{iDj^-k+iDy-l) so as to restrain the ampli- 
tude component without eliminating any information of 
amplitude. Also in this case, a 5 peak is produced in the 

25 position (D^, Dy) of a displacement vector. Thus, dis- 
placement analysis may be performed with such an im- 
age. Alternatively, since a 5 peak is produced in (-D^, 
-Dy) even if Fourier transform is applied to the. phase 
difference image P(k, I), displacement analysis may be 

30 performed with a Fourier transform image of the phase 
difference image P(k, I). 

[0021 ] Since it can be assumed that only a 5 peak ex- 
ists in the processed image P(n, m), the position of the 
6 peak can be obtained by the calculation of a barycen- 

35 trie position correctly with accuracy as high as decimal. 
Typically, for example, on the assumption that the size 
of one pixel is 2 nm and the focal variation is 1 \im at 
the magnification of a hundred thousand, the axial dis- 
placement corresponding to the positional displacement 

40 of one pixel Is 2 mrad. Then, with accuracy of displace- 
ment analysis as high as decimal, a sub-mrad axial dis- 
placement can be analyzed. 

[0022] In addition, any component other than the 5 
peak can be regarded as noise. Therefore, the ratio of 

45 the intensity of the 5 peak to the intensity of the proc- 
essed image P(n, m) as a whole can be regarded as the 
degree of coincidence between images. In the conven- 
tional method of displacement analysis, it is difficult to 
evaluate the reliability of the displacement analysis re- 

so suit. Therefore, even if an incorrect positional displace- 
ment is outputted due to the specimen located out of the 
field of view or an indistinct image thereof, the deflector 
16 is varied directly in accordance with the positional 
displacement. On the other hand, in this method of dis- 

55 placement analysis, the degree of coincidence is out- 
putted. Therefore, there is provided a function not to car- 
ry out alignment if the degree of coincidence is not high- 
er than a predetemriined lower limit of the degree of co- 
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incidence. Thus, a malfunction caused by a specimen 
located out of the field of view or an indistinct image 
thereof is prevented. 

[0023] In order to convert the positional displacement 
D into a control value variation 61^^ the alignment de- 5 
fleeter 16, it is necessary to measure the relationship 
between the control value varialion 61^^ alignment 
deflector 1 6 and the positional displacement D in ad- 
vance. When the control value of the objective lens 19 
is varied by 5loBj_mi magnification M^,, a position- 
al displacement Do=(D^_o, Dy o) between images at I^^l- 
('al_x' 'AL_y) analyzed, and a positional displacement 
between the images at lAt+dlAL^mi = (Ul_x^ dAt.mLx- 
'AL_y-*-^'AL_mi_y) «s analyzed so that a difference 6D^,= 
(dD^i dD^|_y) from the positional displacement Dq is 
obtained. 

[0024] When the relationship between the positional 
displacement 60^, and the control value • variation 
S'AL.mi the alignment deflector 16 is to be obtained, 
it is necessary to carry out correction using a control val- 
ue loBj of the objective lens 1 9. This is because an im- 
age rotates around the optical axis if the control value 
*oBj the objective lens 19 Is varied, so that the axial 
displacement variation direction of the primary electron 
beam caused by the alignment deflector 16 may not 
agree with the shift direction of the image. Therefore, 
first, an angle 6 between the direction of the control val- 
ue variation S\^ „,f= (dUL.mLx^ dl^L.mLy) ^''9"- 
ment deflector 1 6 and the direction of the positional dis- 
placement 6D^,=(dD^,_^, ^^m\_y) is obtained. With a 
value i5D^, e=(dD^,_^_e' ^t^mLy.e) obtained by in-plane 
rotation of the positional displacement 5D by the angle 
G, the direction of the positional displacement Is made 
to substantially agree with the direction of the control 
value variation of the alignment deflector 16. Incidental- 
ly, the image rotation angle 6 by the objective lens 19 
depends on the control value Iqbj of the objective lens 
1 9. In order to deal with the case where a specimen has 
a large variation in height, different control values Iqbj 
of the objective lens 19 arc set while the specimen 
height is varied, and the angle 6 Is measured in each of 
the values Iqbj Then, the angle 0=6oBj.|QBj+eo using 
the control value of the objective lens 1 9 as a correction 
item is obtained Here, the values Gqbj and Gq are con- 
stants proper to the apparatus. 

[0025] In addition, there is a case where the image 
rotation quantity by the variation of the control value of 

the objective lens 19 is so large that image rotation 
around the optical axis occurs between the first and sec- 
ond images. In the conventional method of displace- 
ment analysis, it is difficult to analyze a positional dis- 
placement between images with image rotation. How- 
ever, in the method of displacement analysis used in the 
present invention, displacement analysis can be made 
even between images with image rotation. Fig. 7 shows 
a displacement analysis flow chart in the case where the 
first image (Fig. 6A) and the second image (Fig. 6B) 
have an angle difference G as shown in Figs. 6A to 6C. 



The second image is rotated around the center of the 
image by an angle Gj so as to form a fifth image. The 
above-mentioned displacement analysis is carried out 
between the fifth image and the first image. Then, the 
degree of coincidence and ihe positional displacement 
between the images are calculated and recorded. Such 
a process is repeated with respect to a plurality of rota- 
tion angles. The degree of coincidence becomes maxi- 
mum when the angle difference between the first image 
and the fifth image is substantially zero. Therefore, of 
the obtained analytic results on the respective rotation 
angles, a rotation angle G, with which the degree of co- 
incidence becomes maximum can be regarded as the 
rotation angle between the first image and the second 
image. A positional displacement calculated by an im- 
age (Fig. 6C) obtained by rotating the second image by 
the angle G, is regarded as the positional displacement 
between the first image and the second image. 
[0026] In addition, the axial displacement 6 a of the 
primary electron beam is substantially proportional to 
the control value variation SI^l of the alignment deflector 
1 6. However, since the alignment deflector 1 6 is provid- 
ed in the upper portion of the objective lens 1 9 as shown 
in Fig. 2, the position of the primary electron beam inci- 
dent to a specimen is also varied by the electromagnetic 
field of the objective lens 19. In order to deal with the 
case where the specimen has a large height variation, 
a correction item using the control value Iqbj of the ob- 
jective lens 19 as a parameter is introduced into the re- 
lational expression between the control value variation 
^'AL_mi of the alignment deflector 16 and the positional 
displacement 6D^,_e, so as to associate them by the ex- 
pression 6D^,_(,c< (A+B-loBj)5lAL^mi- Here, A and B are 
coefficients proper to the apparatus. In addition, since 
the focus variation is proportional to the control value 
variation of the objective lens 19, the relation 6F«>=51qbj 
is established. While the relation 6D„,, e=M^,-6loBj ml* 
(A+B loBj)5lAL_mi 'S set, positional displacements 
SD^i e are measured in respective control values Iqbj 
so as to specify the coefficients A and B. When the con- 
trol value variation of the alignment deflector 16 is cal- 
culated from the positional displacement, the expres- 
sion 6D^,_e>=dD^,y(A4-B.loBj) «s used. 
[0027] Thus, the relationship between the control val- 
ue variation SI^l.^,, of the alignment deflector 1 6 and the 
positional displacement 50^,, is measured and recorded 
In the computer 23. Then, alignment is carried out. In 
the case of the positional displacement D=(Dx, Dy) at 
the magnification M when the control value of the objec- 
tive lens 1 9 is varied by SIqbj. objective lens control 
value correction is carried out to convert the positional 
displacement D into DO,, After that, a control value var- 
iation 5UL=-(M^,.6IoBj_m/M-5"oBj) ■ (De.; • 5UL_mL)/ 
^^m\_x__(i' ■ De_y'SlAL_miVdD^,_y_o') of a defloctor for 
alignment required for canceling the axial displacement 
is calculated. 

[0028] Incidentally, in photography with a low magni- 
fication, that is, with a wide field of view, there may ap- 



is 



20 



25 



30 



35 



40 



4S 



50 



6 



BNSDOCID: <EP 1202320A2J_> 



11 



TnZZ P«"Pheral distortion, which is a differ- 
ence between a prima.y electron beam passing throuoh 
the v,an„y Of the optica, axis and a prima^^Sn 
bea^ passing through a peripheral portion Zia^tZ 
the optical axis due to the influence of a peripheral ,1.^ 
ne ,c field of the obiective lens 19. When peSphLrS" 
tort-on ,s produced, there occurs a difference iCs .on- 
al d,splaceme„,^3„3^^ by thecontrol value variation of 
the obiechve lens 19 among respective areas in t£ im 
age. Thus, displacement analysis using the image aL a 

s preferred to carry out displacement analysis as L 
lows. That IS, an analytic range of the field of Lw ch 
^ untfom, enough to analyze the positional displace 
vTew "'"^^^^^ : ^ Photographic range of the ul lf 
thHl f;^^'''^^" "^^ ^"3'y>*c range of the field of view 
the analytic range of the field of view is cut from the ph^^ 
tographic range of the field of view. Then. dispIac^Sen. 
analysis is earned out in the analytic range of theS 

[0029] In addition, a positional displacement caused 
by an axta. displacement and a positional disp"lcS 
caused by peripheral distortion are mixed in an 
m w ich peripheral distortion is produced ^ "eposiS 

metnc with respect to the optical axis. The posiiionatSfe 
Placement caused by peripheral distoitL becomes 

When displacement analysis is carried out in aptal tv 
o areas as shown in Figs. 21 A and 21 B. the posSll 
displacement directions in the respective areas rJcom J 
substantially axia.ly symmetric if ,he axial dTsIce^^^^ 
.s small. However, if the axial displacemenTis larae th. 
pos.«ona. displacement direction's in t"e 1 "pSe ar 
eas become substantially one direction. Furthe Tthe 
rxfs 'nd tn' <^-placement from the optica' 

ax sand the positional displacementcaused by the con 
trol value variation of the objective lens 1 o inJ. L fu 

Perjhera, distortion, is meLurTd'rnd IL ^rd Tn^ S 

vanco, the control value variation of the alignment do 

PS ^Ttl Jr^^T^''''"^ 'displacement. 
Hrs . as for the field of view used for correcting the axial 

d sp acement. if the axis is displaced largely, the pi^^^^^ 
electron beam cannot be narrowed sufficiently 6^0^ 

meTcTusedrfh'" " ^^^^.2^^"^:. 

ment caused by the control value variation of the obiec 
trve lens 19 ,s also large, a large field of view is req JJS 
It .s therefore necessary to select the field of Tw afa 

?=rrirr~-^-£ 

=S:etirat-.rrr^^^^^^^^^ 
Placement analysis with high accuracy'^ft is nSsaJ 
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[ooaiT N T °' "'^^ ' magnification. 
[0031] Next, consideration will be made about ih» 
control value variation Iob. of the objecre ,ens 1 9 Vh^ 
larger the variation 6I0B. is, that is, he larger 5F is ^ e 
^Z^^'"""^' .displacement D correCi' J 

;~^ni::;t=^ 

the specimen .s frequently out of the field of view To 
prevent the specimen from being out of the field ^iew 
's 6F n„. f' ""^'^ '"^ "PP^^ Of the variatton 
SonX? r'^r "^^ -ag-f'cation M. In ad 
dition, the higher the magnification is, the more indistinct 
the image becomes due to the focus variation SF tZI 
even if the specimen is not out of the field of view c^s 

•mit of the focus vanation SF determined by the imaae 

srjrort'™ 

for.theupperlim,,r~S^^^^^^^^^ 

- .he frv^no'd? ""^"^ '''"y- ^'''^-2 

me following determination flow is provided First dis 
placement analysis is carried out wUh a focus vSafen 

STTT"^''^'' « carried out again. ' 

"'^''y- displacement analysis may be im- 
possible due to a problem in the field of view itLit for 

- v^wTdra^witrr^h^ "° ^^"^^ 

V TK ^ '^^ following flow is pro- 

vided. That IS. if displacement analysis is impossre 

t^at is fTfJd"' substantraSy 
lower iim^^^^^^^ of coincidence is not higher'than a 

S P • ^""'y^'^ out again 

S " vvill be made abouuJl' 

mfluence of errors of apparatus parameters In orde ,0 
convert the positional displacement D into the control 

ectte lens 19 fnd 1 °' '^-^ "b- 

QU^ ed P^L ; ^""^ apparatus parameters are re- 
quired. Each of such parameters usually includes an 2 
ror. For example, an electron rnicrosconuaHy has a 
5^ magnificat on error of ahmit «;o/ -ru * "^uany nas a 

su/iM (i-i-A)-5Fl Mhe axial displacement is cal- 
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culated as aE=D/[l\/l-6F] i . The axial displacement anal- 
ysis error caused by the nnagnification error is ex- 
pressed by a-aE= -D-A/(1+A)-M-5F.That is, the axial dis- 
placement analysis error caused by the magnification 
error is proportional to the positional displacement D. 
Therefore, al the lime of the positional displacement 
D=0, ihe axial displacement analysis error caused by 
the magnification error becomes smallest. Accordingly, 
a flow is designed to repeat correction to a=0 so as to 
make the positional displacement D=0. Since the mag- 
nification error A of the electron microscope is about 5%, 
the positional displacement is converged on D— =0 if 
correction is repeated several times. Thus, the influence 
of the magnification error can be ignored. 
[0034] On the basis of the above-mentioned consid- 
eration, alignment is carried out along the flow of Fig. 8. 
When an instruction to carry out alignment is given after 
correction parameters are inputted, a first image with the 
control value of the objective lens 19 in the first setting 
is started to lake in. After the control value of the objec- 
tive lens 19 is varied into the second setting, a second 
image is taken in, and a positional displacement be- 
tween the images is analyzed. With reference to the de- 
gree of coincidence between the images obtained by the 
displacement analysis, if the degree of the coincidence 
is not lower than a lower limit, the positional displace- 
ment is converted into a control value variation of the 
alignment deflector 1 6, and alignment is carried out. Af- 
ter alignment is carried out a predetermined number of 
times, the control value of the objective lens 19 is re- 
turned to the setting before the alignment. Thus, the 
alignment is terminated. If the degree of coincidence is 
Insufficient, the control value variation is first reduced, 
and axial displacement analysis is started again. When 
the degree of coincidence is insufficient even if the con- 
trol value variation is reduced, the magnification or the 
field of view is varied, and axial displacement analysis 
is started again. When the degree of coincidence is in- 
sufficient even if any measure is taken, the processing 
is interrupted. 

[0035] The instruction to carry out alignment is given 
on a screen shown in Figs. 9A and 9B. The parameters 
used for alignment include the magnification M , the con- 
trol value variation Slosj ^^e objective lens 19, the 
number of times of con-ection, and the lower limit of the 
degree of coincidence. Through the window shown in 
Fig. 9 A, the correction parameters are inputted, and a 
correction execution button is clicked to carry out align- 
ment. The analytic result includes a correction value of 
the alignment deflector 1 6 and a degree of coincidence. 
If the degree of coincidence is not larger than the lower 
limit, an error message is displayed. Incidentally, when 
it is intended to examine the alignment state or optimize 
the correction parameters, a measurement execution 
button is clicked. When the measurement execution but- 
ton is clicked, only axial displacement analysis is carried 
out without correcting the alignment deflector 16. 
[0036] In addition, if the kind of specimen to be ob- 



served is substantially fixed, it is no! necessary to 
change the lower limit of the degree of coincidence and 
the number of times of correction for every specimen, 
but initial values thereof are often used as they are. 

5 Therefore, unskilled operators can operate more easily 
through a simple window shown in Fig. 9B. As for Ihe 
control value variation 5Iobj of l^ie objective lens 19, on- 
ly the size of the variation is selected In accordance with 
the specimen structure. 

10 [0037] Incidentally, even if the deflection fulcnjm of 
the alignment deflector 16 docs not agree with the in- 
focus plane of the objective lens 19, the phenomenon 
that the positional displacement between the images 
caused by the focus variation approaches zero as Ihe 

15 axial displacement approaches zero is also unchanged. 
In addition, correction may be not made to make the ax- 
ial displacement zero, but made as follows. That is, an 
operator establishes a certain axial displacement, and 
records a positional displacement caused by the control 

20 value variation of the objective lens 1 9 in the established 
axial displacement. Then, the alignment deflector 16 Is 
adjusted to make the position displacement be the re- 
corded positional displacement. Thus, correction can be 
made to be the established axial displacement, 

25 [0038] As alignment means for the objective lens 19, 
there is provided an objective aperture 13 besides the 
alignment deflector 1 6. If the hole position of the objec- 
tive aperture 13 is out of the optical axis, the primary 
electron beam incident to the objective lens 19 has an 

30 axial displacement. Fig. 1 0 shows a basic configuration 
of an automatic correction unit for the hole position of 
the objective aperture 13, and Fig. 1 1 shows a correction 
flow thereof. After the field of view, the magnification, 
and so on, are set, correction parameters such as the 

35 control value variation of the objective lens 1 9 or the like 
are inputted on a screen similar to those of Figs. 9A and 
9B. Then, if the correction execution button is clicked, 
correction is started. After a first image with the control 
value of the objective lens 1 9 in the first setting is pteked 

40 up, the control value of the objective Ions 1 9 is varied 
by SIqbj to be thereby changed into the second setting. 
Then, a second image is picked up. The degree of co- 
incidence and the positional displacement between the 
first and second images picked up are analyzed in a dis- 

45 placement analysis method using phase difference of 
Fourier transform images. Judgement so as whether 
alignment should be carried out or not is made on the 
basis of the degree of coincidence, and a control value 
{Up_x> Up_y) 3 position control motor for the ob- 

50 jective aperture required for making the positional dis- 
placement (D^. Dy) be substantially zero is calculated. 
This calculation is also carried out by use of conversion 
coefficients or correction items estimated on the basis 
of measurement of the relationship between the control 

55 value variation dl^p of the hole position control motorfor 
the objective aperture 13 and the positional displace- 
ment D in advance. 

[0039] Incidentally, the alignment by adjusting the 
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hole position of the objective aperture 13 is mechanical 
correction using a motor, a gear, and so on. Therefore, 
the range of movement is wide, but the setting accuracy 
is insufficient. On the other hand, the alignment by ad- 
justing the control value of the alignment deflector 1 6 is 
electric correction. Therefore, the range of movement is 
narrow, but the setting accuracy is high. Accordingly, in 
an apparatus having both a hole position adjusting 
mechanism for the objective aperture 13 and the align- 
ment deflector 1 6, fine adjustment of axial displacement 
based on the adjustment of the alignment deflector 16 
is preferably carried out after rough adjustment of axial 
displacement based on the adjustment of the hole po- 
sition of the objective aperture 1 3. 
[0040] Alignment is required not only for the objective 
lens but also for stigmators. Since a plurality of stigma- 
tors are provided, images before and after the control 
value of each stigmator is varied are acquired, and the 
control value of an alignment deflector corresponding to 
the stigmator is adjusted so that the positional displace- 
ment between the images becomes substantially zero. 
Fig. 12 shows a basic configuration of an automatic 
alignment unit for a stigmator 14_1 , and Fig. 13 shows 
a correction flow chart thereof. Alignment for the other 
stigmator 14_2 is also executed by a similar unit and a 
similar flow. After the field of view, the magnification, and 
so on, are established, correction parameters such as 
the control value variations of the stigmators are input- 
ted on a screen similar to those of Figs. 9A and 9B. 
Then, if the correction execution button is clicked, cor- 
rection is started. A first image with the control value of 
the stigmator 14_1 in the first setting is picked up. The 
controlvalue of the stigmator 14_1 is varied into the sec- 
ond setting. Then, a second image is picked up. The 
computer 23. performs such control. In addition, the 
computer 23 calculates the positional displacement and 
the degree of coincidence between the first and second 
Images in a displacement analysis method using phase 
difference of Fourier transform images; judges whether 
alignment should be carried out or not on the basis of 
the degree of coincidence; and calculates a control val- 
^® ('sTEiGX_x' 'sTiGX_y) alignment deflector 1 5_1 

for the first staigmator 1 4_1 required for making the po- 
sitional displacement (D^, Dy) be substantially zero. 
Thus, alignment is carried out. This calculation is also 
carried out by use of conversion coefficients or correc- 
tion items estimated on the basis of measurement of the 
relationship between the control value variation 5Ist-e,gx 
of the alignment deflector 1 5_1 for the stigmator and the 
positional displacement D in advance. 
[0041 ] Next, description will be made about focus cor- 
rection. As a focus correction method, there Is an anal- 
ysis method using parallactic displacement; an analysis 
method using sharpness of an image as an evaluation 
criterion; or an analysis rhethod based on comparison 
of Fourier transform images and simulation images of 
primary electron beam intensity distribution. The analy- 
sis method based on parallax is used in a transmission 



electron microscope or the like. In the case where the 
deflection fulcrum of the deflector substantially agrees 
with the In-focus plane, when a specimen is located in 
the in-focus plane, there is no shift between the images 

5 even if the axial displacement of the primary electron 
beam is varied. If the specimen is out of the in-focus 
plane, there occurs a shift between the images before 
and after the axial displacement of the primary electron 
beam is varied. On the assumption that 6 a designates 

10 the axial displacement variation of the primary electron 
beam, M designates the magnification, and Cs desig- 
nates the spherical aberration coefficient, the positional 
displacement D between the images and the focal dis- 
placement F have a relation of D=M-5 a(F+Cs-5 ot^). if 

15 the positional displacement D based on parallax can be 
measured, the focal displacement F can be obtained. 
[0042] However, in the scanning electron microscope, 
there is a case where the deflection fulcrum of the align- 
ment deflector 1 6 does not agree with the in-focus plane 

20 of the objective lens 1 9. A focus analysis method in such 
a case will be described with reference to Fig. 14. A first 
image with the control value of the alignment deflector 
1 6 in the first setting and a second image with the control 
value of the alignment deflector 16 in the second setting 

25 are acquired in a first focal displacement F-, . A first po- 
sitional displacement between the first image and the 
second image is analyzed. On the assumption that 6 a 
designates the axial displacement variation of the pri- 
mary electron beam, M designates the magnification, 

30 and Cs designates the spherical aberration coefficient, 
the positional displacement and the focal displace- 
ment F^ have a relation of D^^M-S aiS+F^+Cs-S a^). S 
is a term of image shift produced because the deflection 
fulcrum does not agree with the in-focus plane. Next, a 

35 third image with the control value of the alignment de- 
flector 1 6 in the third setting and a fourth image with the 
control value of the alignment deflector 16 in the fourth 
setting are acquired in a focal displacement F^+SR A 
positional displacement between the third image and 

40 the fourth image is calculated. The positional displace- 
ment is expressed by Di+SD=M-6 a (S4-F,+$F+Cs-5 a^). 
Thus, the difference 6F from the first focal displacement 
Fi can be obtained from the difference 5D from the first 
positional displacement The computer 23 calculates 

45 the difference 5F of the focal displacement from the dif- 
ference 6D of the positional displacement, obtains an 
objective control value variation SIqbj required for set- 
ting the focus into F^, and corrects the objective lens 1 9 
on the basis of the control value variation SIqbj- Thus, 

50 even if the deflection fulcmm of the alignment deflector 
16 does not agree with the in-focus plane of the objec- 
tive lens 19, correction can be made to keep the focal 
displacement constant on the specimen. 
[0043] The analysis method based on sharpness is a 

55 method also used for astigmatism analysis as well as 
focus analysis, but the method has specimen depend- 
ency. In addition, the method is a so-called asymptotic 
method in which various astigmatic/focal conditions are 
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compared. Therefore, there is a problem that it takes 
much time to collect sharpness conditions. In addition, 
the analysis method based on Fourier transform images 
is also a method used for astigmatism analysis as well 
as focus analysis, but the specimen dependency is very 
large. Therefore, Ihere is a problem thai the method 
does not operate in a general field of view for photogra- 
phy. In addition, there is a problem that it takes much 
time for fitting to simulation though the number of imag- 
es used for analysis is small. On the other hand, the 
analysis method based on parallax has a problem that 
the in -focus plane has to be specified as described pre- 
viously, but the whole of the field of view can be set into 
the same focal conditions. In addition, the method is the 
lowest in specimen dependency, and can make analysis 
with two images. Thus, the method can carry out anal- 
ysis at a high speed. From the above-mentioned con- 
sideration, it is the most efficient that the analysis meth- 
od based on sharpness or Fourier transform images is 
used for specifying the in-focus plane using a specimen 
for adjusting an optics and for astigmatic correction, 
while the analysis method using parallax is used for fine 
adjustment of focus in each field of view for photogra- 
phy. 

[0044] Fig. 15 shows a basic configuration of an au- 
tomatic focus correction unit for an objective lens using 
parallax. First, a positional displacement In the in- 
focus plane is analyzed and recorded along the flow 
chart shown in Fig. 1 6. The field of view for adjusting an 
electron beam optics, the magnification, and so on, are 
established. The control value of the objective lens 19 
is set into a value specified in a correction method based 
on sharpness or Fourier transform, or a value specified 
by an operator. Correction parameters such as the con- 
trol value variation of the alignment deflector 16 or the 
like are inputted on a screen shown in Fig. 1 7A or 1 7B. 
Then, if the recording button is clicked, analysis of the 
positional displacement in the in-focus plane is start- 
ed. A first image with the control value of the alignment 
deflector 16 in the first setting is picked up, and the con- 
trol value of the alignment deflector 1 6 is varied into the 
second setting so that a second image is picked up. The 
positional displacement and the degree of coincidence 
between the first and second images are calculated in 
a displacement analysis method using phase difference 
of Fourier transform images. If the degree of coinci- 
dence is not lower than a lower limit, the displacement 
analysis result and the apparatus parameters at that 
time are recorded. Incidentally, for example, when it is 
intended not to optimize the correction parameters and 
not to record the positional displacement D, a measure- 
ment execution button is clicked. When the measure- 
ment execution button is clicked, only the analysis of the 
positional displacement is can-ied out without record- 
ing it into a memory. 

[0045] Automatic focus correction is carried out along 
the flow chart of Fig. 18. The field of view, the magnifi- 
cation, and so on, are set, and the correction parameters 



such as the control value variation of the alignment de- 
flector 16 or the like are inputted on the screen shown 
in Fig. 17A or 17B. Then, if the execution button is 
clicked, focus correction is started. The positional dis- 

5 placement and the apparatus parameters when the 
positional displacement was recorded are read out. 
If the positional displacement has not been recorded, 
an error message is displayed, and the correction is in- 
terrupted. Next, a third image with the control value of 

10 the alignment deflector 1 6 in the third setting is picked 
up, and the control value of the alignment deflector 16 
is varied into the fourth sotting so that a fourth image is 
picked up. The computer 23 performs such control. In 
addition, the computer 23 calculates a positional dis- 

'5 placement and a degree of coincidence between the 
third and fourth images In a displacement analysis meth- 
od using phase difference of Fourier transfonn images; 
judges whether alignment should be carried out or not 
on the basis of the degree of coincidence; calculates the 

20 control value of the objective lens 1 9 required for making 
the positional displacement D substantially D^. Thus, 
the focus is corrected. Incidentally, there is a case where 
it is intended to examine the focal displacement or op- 
timize the correction parameters. In such a case, when 

25 the measurement execution button is clicked, only focal 
displacement analysis is carried out without correcting 
the objective lens 19. 

[0046] The calculation of the control value variation of 
the objective lens 19 in the focus correction is also 

30 carried out by use of conversion coefficients or 
necessary correction items estimated on the basis of 
measurement of the relationship between the control 
value variation SIqbj the objective lens 19 and the 
positional displacement variation 6D in advance. When 

35 the control value of the alignment deflector 1 6 is varied 
by §'AL_m2 3^ magnification M^2' ^ positional 
displacement Do=^(Dj<_o. Dy o) between images in the 
control value Iqbj.o the objective lens 1 9 is analyzed, 
and a difference 5Dn,2=(<iD^2_x» dD^^g^y) from the 

-^o positional displacement between images in the control 
value loBj_o"^^'oBj_m2 t*^® objective lens 19 is 
obtained. In the focal displacement correction, the 
absolute value of the positional displacement and the 
sign of the focal displacement corresponding to the Z 

45 direction are used. Therefore, fi correction of the 
positional displacement D based on the objective lens 
current value Iqqj is omitted, and only a value 60^2 
corrected only by the length 60^2 'S calculated. When 
the control value of the objective lens 1 9 is varied by 
SIqbj in the magnification M, assume that the difference 
from the positional displacement is 5D. In this case, 
the control value variation SIqbj of the objective lens 1 9 
required for canceling the positional displacement 6D is 
described as ±(M^2'5'AL.m2^M-5lAL) SloBj.m2-«dD' 1/ 

55 ldDn,2'l. Here, 6D* designates a value obtained by 
correcting 5D with the control value Iqbj of the objective 
lens 19. 

[0047] Image indistinctness is caused by deteriora- 
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tion of the conditions of a specimen such as electrifica- 
tion of the specimen, contamination adhering to the 
specimen, or the like, as well as insufficient adjustment 
of an electron beam optics such as focal displacement, 
or the like. If the focal displacement is explicitly shown 
together with the degree of coincidence as the analysis 
result as shown in Figs. 17A and 17B, confirmation can 
be made as to whether different specimens are ob- 
served in the same optical conditions. In addition, since 
the same optical conditions can be established, the 
cause of image indistinctness can be specified, and 
measures can be taken. 

[0048] Incidentally, the present invention relates to 
the adjustment of a primary electron beam which has 
not yet been incident to a specimen. The invention is 
also applicable to the case where an electron beam de- 
tector 21 for detecting a secondary electron beam is dis- 
posed between an objective lens 19 and an electron 
source 11 as shown in Fig. 19, or the case where an 
electron beam detector 21 is disposed in front of a spec- 
imen 24 in the Z direction as shown in Fig. 20. In addi- 
tion, the invention is also applicable to optical adjust- 
ment in a charged particle beam other than an electron 
beam, for example, in a focused ion beam. 

(Embodiment 2) 

[0049] In Embodiment 2, description will be made 
about a circuit pattern inspection apparatus having an 
automatic adjustment unit shown in Embodiment 1. Fig. 
22 shows a configuration of the circuit pattern inspection 
apparatus used In Embodiment 2. The circuit pattern in- 
spection apparatus has an inspection chamber 102 the 
inside of which is vacuum-pumped, and a spare cham- 
ber (not shown in this embodiment) for carrying a spec- 
imen substrate 109 into the inspection chamber 102. 
This spare chamber can be vacuum-pumped independ- 
ently of the inspection chamber 1 02. In addition, the cir- 
cuit pattern inspection apparatus is constituted by a con- 
trol unit 106 and an image processing unit 105 as well 
as the inspection chamber 1 02 and the spare chamber. 
The inside of the inspection chamber 1 02 is roughly con- 
stituted by an electron beam optics 103, a secondary 
electron detector 1 07, a specimen chamber 1 08, and an 
optical microscope unit 1 04. The optical microscope unit 
104 is disposed near the electron beam optics 103 in- 
side the inspection chamber 1 02 and in a position dis- 
tant enough not to affect each other. The distance be- 
tween the electron beam optics 1 03 and the optical mi- 
croscope unit 104 is known. Then, an X stage 131 or a 
Y stage 132 is designed to reciprocate the known dis- 
tance between the electron beam optics 1 03 and the op- 
tical microscope unit 104. 

[0050] In order to acquire an image of the inspected 
substrate 109, the inspected substrate 109 is irradiated 
with a primary electron beam 119 which has been nar- 
rowed, so that a secondary electrons 146 are produced. 
These electrons are detected in synchronism with scan- 



20 

ning with the primary electron beam 119 and the move- 
ment of the X-Y stages 131 and 132. Thus, an electron 
beam image on the surface of the inspected substrate 
1 09 is obtained. The circuit pattern inspection apparatus 
5 in this embodiment is provided with a function to detect 
a signal at the lime of scanning only once with an elec- 
tron beam with a large control value of, for example, 1 00 
nA which is generally about 100 times or more as large 
as SEM, so as to form an image. When the scanning 

10 width is 100 um and the size of one pixel is 0.1 ^imQ 
scanning at one time can be performed in 1 |is. 
[0051] A diffuse supply typo thcmial field emission 
electron source is used as an electron gun 110. By use 
of this electron gun 110, a stable electron beam current 

15 can be ensured in comparison with a conventional one 
such as a tungsten (W) filament electron source or a 
cold field emission electron source. Therefore, not only 
is it possible to obtain an electron beam image low in 
brightness fluctuation, but it is also possible to set the 

20 electron beam current to be large. As a result, it is pos- 
sible to realize highspeed inspection in which a high S/ 
N electron beam Image is fomied by scanning at one 
time. The primary electron beam 119 is extracted from 
the electron gun 1 1 0 by applying a voltage between the 

^5 electron gun 110 and an electron extraction electrode 
111. The primary electron beam 1 1 9 is accelerated by 
applying a high voltage and negative potential to the 
electron gun 110. Thus, the primary electron beam 119 
travels toward a specimen base 130 by energy corre- 

30 spending to the potential. The primary electron beam 
119 is condensed by a condenser lens 112, and further 
narrowed by an objective lens 116. Then, the inspected 
substrate 109 (semiconductor wafer, chip, or substrate 
with a micro circuit pattern such as liquid crystal, a mask, 

35 or the like) mounted on the X-Y stages 131 and 132 on 
the specimen base 130 is irradiated with the narrowed 
primary electron beam 119. Incidentally, a signal gener- 
ator 144 for generating a scanning signal, a correction 
signal and a blanking signal is connected to a blanking 
deflector 113. an alignment deflector 152 and a scan- 
ning deflector 115. Lens power supplies 145 are con- 
nected to the condenser lens 1 1 2 and the objective lens 
116 respectively. A negative voltage can be applied to 
the inspected substrate 109 by a high voltage power 

45 supply 1 48. By adjusting the voltage of the high voltage 
power supply 148, the primary electron beam 11 9 is de- 
celerated so that the electron beam irradiation energy 
to the inspected substrate 109 can be adjusted to be an 
optimum value without changing the potential of the 

50 electron gun 110. 

[0052] The secondary electrons 1 46 generated by ir- 
radiating the inspected substrate 109 with the primary 
electron beam 1 1 9 are accelerated by the negative volt- 
age applied to the substrate 109. An ExB deflector 118 

55 is disposed above the inspected substrate 1 09 so as to 
deflect the accelerated secondary electrons 146 in a 
predetermined direction. The degree of deflection can 
be adjusted by the intensity of a voltage and the intensity 
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of a magnetic field applied to the ExB deflector 118. In 
addition, this electronnagnetic field can be varied in con- 
nection with the negative voltage applied to the speci- 
men. The secondary electrons 146 deflected by the ExB 
deflector 118 collide against a converter electrode 117 
on predetermined condilions. When the accelerated 
secondary electrons 146 collide against the converter 
electrode 117, second secondary electrons 147 having 
energy In a range of from several V to 50 eV are gener- 
ated from the converter electrode 117. 
[0053] The secondary electron detector 1 07 is consti- 
tuted by a secondary electron detector 120 inside the 
vacuum-pumped inspection chamber 102, a preamplifi- 
er 121 , an AD converter 1 22, a light convert system 1 23, 
a transmission system 124, an electron convert system 
125, a high voltage power supply 126, a preamplifier 
power supply 127, an AD converter power supply 128 
and a reverse bias power supply 1 29 outside the inspec- 
tion chamber 102. In the secondary electron detector 
107, the secondary electron detector 120 is disposed 
above the objective lens 1 1 6 in the inspection chamber 
102. The secondary electron detector 120, the pream- 
plifier 121, the AD converter 122, the light convert sys- 
tem 1 23, the preamplifier power supply 1 27 and the AD 
converter power supply 128 are floated to positive po- 
tential by the high voltage power supply 126. The sec- 
ond secondary electrons 147 generated when the sec- 
ondary electrons 1 46 collide against the converter elec- 
trode 11 7 are guided to the detector 120 by this suction 
electric field. The secondary electron detector 1 20 is de- 
signed to detect the second secondary electrons 147 in 
connection with the scanning timing of the primary elec- 
tron beam 119. The second secondary electrons 1 47 are 
generated In such a manner that the secondary elec- 
trons 146 generated white the inspected substrate 109 
is irradiated with the primary electron beam 1 1 9 are ac- 
celerated to collide against the converter electrode 117. 
An output signal of the secondary electron detector 1 20 
is amplified by the preamplifier 121 disposed outside the 
inspection chamber 1 02, and converted into digital data 
by the AD converter 122. The AD converter 122 con- 
verts an analog signal detected by the semiconductor 
detector 120 into a digital signal immediately after the 
analog signal is amplified by the preamplifier 1 21 . Then, 
the AD converter 122 transmits the digital signal to the 
image processing unit 105. Since the detected analog 
signal is digitized and transmitted immediately after it is 
detected, a signal higher in speed and higher in S/N ratio 
than that in a conventional apparatus can be obtained. 
[0054] The inspected substrate 109 is mounted on the 
X-Y stages 131 and 1 32 so as to select either one of a 
method in which the X-Y stages 131 and 132 are made 
to stand still at the time of execution of inspection so that 
the primary electron beam 119 is scanned two-dimen- 
sionally and a method in which the X-Y stages 131 and 
132 are moved continuously in the Y direction at a fixed 
speed at the time of execution of Inspection so that the 
primary electron beam 119 is scanned linearly in the X 



direction. When a specified, comparatively small area is 
inspected, the fonner method-for inspection while the 
stages are made to stand still is effective. When a com- 
paratively large area is inspected, the method for in- 

5 spection while the stages are moved continuously at a 
fixed speed is effective. Incidentally, when it is neces- 
sary to blank the primary electron beam 119. the primary 
electron beam 1 1 9 is deflected by the blanking deflector 
113 so that any electron beam can be controlled not to 

10 pass through an aperture 114. Thus, any electron beam 
unnecessary for inspection is controlled not to irradiate 
the specimen, so that the inspected substrate 109 can 
be restrained from being electrified. 
[0055] A measurement machine based on laser inter- 

15 ference is used as a measurement unit 1 33 for position 
monitoring in this embodiment. Thus, the position of the 
X stage 131 and the position of the Y stage 132 can be 
monitored in real time so as to be transmitted to the con- 
trol unit 1 06. In addition, various data of the X stage 131 

20 and the Y stage 132 are designed to be transmitted to 
the control unit 106 through the corresponding drivers 
in the similar manner. On the basis of such data, the 
control unit 106 can grasp an area or a position irradi- 
ated with the primary electron beam 119. Thus, in ac- 

25 cordance with necessity, the positional displacement of 
the irradiation position of the primary electron beam 119 
is corrected by a corrector control unit 143 in real time. 
In addition, the area irradiated with the electron beam 
can be stored for every inspected substrate. 

30 [0056] An optical sensor using a measuring system 
other than an electron beam, for example, a laser Inter- 
ference sensor or a reflection type sensor for measuring 
a variation in height of a specimen by the position of 
reflected light, is used as an optical height sensor 134. 

35 The optical height sensor 134 is designed to measure 
the height of the inspected substrate 109 mounted on 
the X-Y stages 131 and 132 in real time. In this embod- 
iment, the following system is adopted. That is. the in- 
spected substrate 109 is irradiated, through a transpar- 

40 ent window, with narrow white light passing through a 
slit. The position of reflected light is detected by a posi- 
tion detection monitor, and a variation of height is cal- 
culated from the fluctuation of the detected position. The 
focal length of the objective lens 1 1 6 for narrowing the 

45 primary electron beam 119 on the inspected substrate 
109 can be grasped on the basis of the data measured 
by the optical height sensor 134. Thus, an electron 
beam image which is in focus to some extent can be 
acquired as soon as the inspected substrate is loaded 

50 in the inspection chamber 1 02. In addition, the following 
function is also given to the optical height sensor 134. 
That is, the warp, the height or the distortion of the in- 
spected substrate 109 is measured in advance before 
irradiation with the electron beam. Correction conditions 

55 for every inspection area of the objective lens 116 can 
be set on the basis of the measured data. 
[0057] The image processing unit 1 05 is constituted 
by a first image memory unit 1 38. a second Image mem- 
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ory unil 1 39, a compare operation unit 1 40, a defect rec- 
ognizing unit 141 , and a monitor 142. An image signal 
of the inspected substrate 109 detected by the second- 
ary electron detector 1 20 is amplified by the preamplifier 
121, and digitized by the AD converter 122. Then, the 
digilized signal is converted into a lighl signal by the light 
convert system 123, transmitted through an optical fiber 
124. and converted into an electric signal again by the 
electron convert system 125. Then, the electric signal is 
stored in the first image memory unit 138 or the second 
image memory unit 139 in accordance with an instruc- 
tion from the control unit 106. Image signals stored in 
these two memory units are sent to the compare oper- 
ation unil 1 40 in accordance with an instruction from the 
control unit 106. The compare operation unit 140 gives 
the respective image signals various image processing 
for positioning the image signals, standardizing the sig- 
nal level, and eliminating noise signals, and carries out 
compare operation on the image signals of both the 
memory units. The defect recognizing unit 141 com- 
pares the absolute value of an intensity difference image 
signal subjected to the compare operation in the com- 
pare operation unit 1 40, with a predetermined threshold 
value. If the intensity difference image signal level is 
larger than the predetermined threshold value, a pixel 
corresponding thereto is recognized as a defect candi- 
date. In accordance with an instruction from the control 
unit 1 06, the monitor 1 42 displays the positions of pixels 
recognized as defects by the defect recognizing unit 
141, the total number of the detected defects, and so 
on, in real time during the inspection, or displays image 
data stored in the first or second memory unit 138 or 
139, 

[00581 Description has been made above about the 
whole configuration of the circuit pattern inspection ap- 
paratus. Next, description will be made about an inspec- 
tion method using a semiconductor wafer by way of ex- 
ample. In the circuit pattern inspection for a semicon- 
ductor wafer, irradiation energy of a primary electron 
beam 119 irradiating a specimen is desirably adjusted 
and controlled so that the state of electrification is varied 
to adjust the contrast. In this embodiment, a negative 
voltage for decelerating primary electrons is applied 
from a retarding power supply 148. This voltage is con- 
trolled to adjust the irradiation energy of the primary 
electron beam 1 1 9 suitably. For example, when the elec- 
tron beam accelerating voltage of the inspection appa- 
ratus is set to 1 0 kV and the negative voltage applied to 
a specimen and a specimen base is set to -9 kV, the 
energy of the primary electron beam 1 1 9 irradiating the 
specimen becomes 1 kV. Fig. 23 shows an example of 
a condition list of electron beam irradiation energy in ac- 
cordance with the material and the step of the inspected 
circuit pattern, and an example of a condition list of elec- 
tron beam irradiation energy in accordance with defects 
to be detected. When the step is high, the irradiation 
energy is set high (not lower than 1 kV). When the step 
is low or absent, the irradiation energy is set low (not 



highe r than 3 k V) , Moreover, in the combination of a con- 
ductive material and an insulating material, contrast can 
be obtained regardless of the level of the irradiation en- 
ergy. However, In the combination of an insulating ma- 

5 lerial and an Insulating material, contrast is obtained by 
the difference of charged conditions between the re- 
spective materials while setting the irradiation energy to 
be not lower than 1 kV. Further, when it is intended to 
detect a shape defect, the irradiation energy has to be 

10 set to be not lower than 500 V, preferably not lower than 
1 kV. When it is intended to detect a potential contrast 
defect, that is, an electric defect such as failure in elec- 
tric continuity, short-circuit, or the like, the irradiation en- 
ergy has to be set to be not higher than 3 kV, preferably 

^5 not higher than 1 kV. Since there are various materials 
and steps in inspected circuit patterns, irradiation ener- 
gy suitable for each of the circuit patterns is inputted in 
a data base in advance so that irradiation energy suita- 
ble for each inspection can be retrieved. 

20 [0059] The inspection conditions are established 
along the flow chart shown in Fig. 24. First, a mode for 
creating the inspection conditions is selected on an op- 
eration screen, and a semiconductor wafer 1 09 is really 
loaded into the inspection apparatus. Irradiation energy 

25 optimal for every circuit pattern inspection is set with ref- 
erence to the data base. When a negative voltage is ap- 
plied to the specimen base In order to set the irradiation 
energy, the electromagnetic field states are varied. 
Therefore, an electron beam optics for focus, astigma- 

30 tism, etc., has to be finely adjusted for every irradiation 
energy. Such electron beam optics adjustment is per- 
formed by use of a specimen for adjusting the electron 
beam optics. The electron beam optics adjusting spec- 
imen is pasted onto the specimen base. The stage is 

^5 moved to the place of the electron beam optics adjusting 
specimen. First, axial displacement is analyzed in an 
analysis method using parailax (see Fig. 4), and the ax- 
ial displacement is automatically corrected by a deflec- 
tor 1 52 for alignment A setting range of the axial dis- 

40 placement is inputted. If the axial displacement is so 
large that sufficient correction cannot be done at one 
time, correction is carried out repeatedly till the axial dis- 
placement is put in the setting range. After confirmation 
is made that the axial displacement has been in the set- 

45 ting range, focus/astigmatism is analyzed in an analysis • 
method using sharpness of images as criteria or an 
analysis method based on comparison between Fourier 
transform images and simulation images of the images, 
so as to correct an objective lens 116 and a stigmator 

50 151. Also at this time, a setting range of focus/astigma- 
tism Is Inputted, and correction is carried out again if suf- 
ficient correction has not been done. After the adjust- 
ment of the electron beam optics, the setting values of 
the lenses and the deflectors are recorded respectively. 

55 In addition, a positional displacement D.,, a magnifica- 
tion and a value SI^l when the setting value of the de- 
flector 152 for alignment Is varied by the value SI^l are 
recorded. In addition, a focus setting range allowable 
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during inspection is also inputted. Incidentally, the elec- 
tron beam optics adjustment may be carried out in an 
area for adjustment provided in the inspected semicon- 
ductor wafer 109. In addition, manual adjustment can 
be performed for the case where axial displacement, fo- 5 
cus or astigmatism cannot be aulomalically adjusted. 
[0060] After the adjustment of the electron beam op- 
tics, the inspected semiconductor wafer 1 09 is irradiated 
with the primary electron beam 119 so that an image of 
a circuit pattern to be inspected is confirmed on the mon- 
itor. It is also possible to vary the irradiation energy in 
accordance with necessity while confirming the contrast 
on the monitor. Incidentally, when the irradiation energy 
is varied, the electron beam optics has to be readjusted. 
[0061 ] When the adjustment of the electron beam op- 
tics and the confirmation of the irradiation energy have 
been completed, a pattern for correcting the position of 
the semiconductor wafer 1 09 is set. The shot of the cir- 
cuit pattern and the chip size and array on the semicon- 
ductor wafer are inputted in accordance with necessity. 
In addition, the coordinates of the correcting pattern on 
the chip and the offset value of a chip origin are inputted. 
The specimen stage is moved to the correcting pattern, 
and the correcting pattern is recorded in a memory as 
a first image. The image may rotate due to the setting 
of the irradiation energy and the adjustment of the elec- 
tron beam optics accompanying the setting. When im- 
age rotation is expected to be large, the semiconductor 
wafer 109 is moved by a specimen stage moving mech- 
anism so that the pattern is not out of the field of view. 
Then, a second image is acquired. A positional displace- 
ment between the acquired images is analyzed, and a 
displacement angle from the specimen stage moving di- 
rection is analyzed. Then, correction is done. 
[0062] Next, wafer position correction is executed. 
The specimen stage is moved In parallel by a quantity 
corresponding to the chip size. Then, the specimen 
stage is moved to the position of the pattern for correc- 
tion on two chips arranged in parallel, so that the pattern 
is acquired as a second image. The positional displace- 
ment and the degree of coincidence between the first 
image and the second image are analyzed in a method 
using phase difference of Fourier transform images. If 
the degree of coincidence is not lower than a lower limit, 
the degree of the specimen stage movement is correct- 
ed. When the degree of coincidence is not higher than 
the lower limit, there is a possibility that the pattern for 
correction is not reflected on the screen. Therefore, the 
image take-in magnification is reduced, and a second 
image is taken in so that the displacement analysis is 
perfomned with an image obtained by reducing the re- 
corded first image in the computer. The rotation dis- 
placement angle and the degree of movement are 
measured and corrected. Then, correction is performed 
again at the magnification for inspection. After the cor- 
rection is completed, correction parameters in every ir- 
radiation energy are recorded. 

[0063] After that, a repeat pattern area such as a 



memory cell in the chip is established, and a repeat unit, 
that is, a pitch is set for the repeat pattern area. Next, 
an inspected area Is specified. When the inspected area 
is specified, an inspected chip can be specified, and an 
in-chip inspected area can be specified. As for an area 
other than the repeat pattern area such as a memory 
cell or the like, an area to be inspected can be set in an 
optical microscope image or an electron beam image. 
[0064] In addition, the gain/offset of the secondary 
electron beam detector is set for adjustment after the 
adjustment of the irradiation energy and the electron 
beam optics. The gain/offset is specified for every irra- 
diation energy so as to allow an electron beam image 
of the electron beam optics adjusting specimen to have 
a suitable brightness distribution. The specified gain/off- 
set is recorded. Next, the gain/offset is specified to allow 
an electron beam image of every inspected pattern to 
have a suitable brightness distribution. A difference from 
the gain/offset specified with the electron beam optics 
adjusting specimen is recorded as a gain/offset table. In 
addition, a mean value and a variance of the electron 
beam image intensity of every inspected pattern are re- 
corded, and a setting range of every inspected pattern 
is also inputted. The mean value and the variance are 
used for fine adjustment of the gain/offset during the ex- 
ecution of inspection. 

[0065] If the above-mentioned setting is completed, 
images are acquired really on various conditions estab- 
lished thus, so that image processing conditions for de- 
tecting defects are established. For example, inspection 
is performed along the following image processing flow. 
In order to extract defect portions, a first image of a cir- 
cuit pattern in a quality product is recorded in a memory. 
An image of a circuit pattern to be inspected in the in- 
spected semiconductor wafer 1 09 is acquired as a sec- 
ond image. A positional displacement between the first 
image and the second image is obtained in an analysis 
method using phase difference of Fourier transform im- 
ages, so that the positional displacement of the second 
imago is corrected. After the positional displacement is 
corrected, fine adjustment of contrast between the first 
image and the second image is performed. Some areas 
for fine adjustment of contrast are specified In the first 
image separately from the portions for defect inspection. 
The contrast of the second image is fine-adjusted so that 
the image intensities of the areas for fine adjustment of 
contrast in the images substantially agree with each oth- 
er. After the fine adjustment of contrast, an intensity dif- 
ference image between the first image and the second 
image is calculated. Incidentally, the first image of the 
inspected circuit pattern may be not an image of a qual- 
ity product recorded in advance, but an image of an in- 
spected circuit pattern in the inspected wafer. In addi- 
tion, if the S/N ratios of the first and second images are 
low, the S/N ratios may be improved by image summa- 
tion as follows. That is, a plurality of images are acquired 
from each of corresponding areas, and positional dis- 
placement laetween the images are analyzed and cor- 
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reeled in a displacement analysis method using phase 
difference of Fourier transform images. After that, image 
summation is performed to improve the S/N ratios. 
[0066] An image corresponding to one chip is ac- 
quired on the same conditions as those for inspection. 
A threshold value for distinguishing defects From the oth- 
ers is inputted. Of the above-mentioned intensity differ- 
ence image, portions recognized as defects are dis- 
played. Confirmation is made as to whether defects are 
detected really or detected in error. Thus, the threshold 
value is adjusted to bo a suitable value. Finally, in order 
to take into consideration a margin for process scatter- 
ing in the wafer plane, a desirable area wider than the 
above-mentioned area corresponding to one chip Is set. 
Inspection is executed really on various conditions set 
thus. The contents of detected defects or erroneous de- 
tection are confirmed. If the conditions are finally suita- 
ble ones, the conditions are registered as an inspection 
condition file. 

[0067] Inspection is executed along the flow chart of 
Fig. 25. Some inspection condition files have been reg- 
istered in the computer 23 in accordance with circuit pat- 
terns. A necessary file is selected on the screen, and 
optional conditions such as inspected area, result out- 
put, and so on, are inputted. When inspection execution 
is selected and a wafer is loaded, setting of respective 
parameters is started. Setting expected to change with 
passage of the time is readjusted using a recorded set- 
ting value as an initial value. First, axial displacement, 
focus, and astigmatism are corrected by use of a spec- 
imen for adjusting an electron beam optics. Confirma- 
tion and recording are made that axial displacement, fo- 
cus, and astigmatism are in their predetennlned ranges 
respectively. After that, a positional displacement in 
a principal focus is recorded. In addition, a gain/offset 
optimum value of the electron beam detector in the elec- 
tron beam optics adjusting specimen is specified. It is 
necessary to correct the position of the inspected sem- 
iconductor wafer. 

[0068] When adjustment before inspection Is com- 
pleted, inspection of the circuit pattern is started. Some 
corrections are performed during the inspection. First, 
the field of view may be displaced due to specimen drift, 
a stage micromotion error, or the like. In order to correct 
such a displacement of the field of view, positional dis- 
placement adjustment by use of a pattern for correction 
is performed in some chips In the Inspected semicon- 
ductor wafer. A second image of the pattern for correc- 
tion is acquired in a specified chip. A positional displace- 
ment from the recorded first Image is analyzed in an 
analysts method using phase difference of Fourier 
transform images. Thus, the positional displacement 
and the degree of coincidence are calculated. If the de- 
gree of coincidence is not lower than a lower limit, the 
displacement of the field of view is corrected by the 
specimen stage or an image shift. When the degree of 
coincidence Is not higher than the lower limit, there is a 
possibility that the pattern for correction is out of the field 



of view. Therefore, the image take-in magnification is 
reduced, and a second image is taken in so that the dis- 
placement analysis is performed with an image obtained 
by reducing the recorded first image in the computer. 
5 When the reduction of the magnification is repeated, 
and the positional displacement cannot be analyzed 
even at the lowest magnification established, an error 
message is displayed, and the inspection is interrupted. 
[0069] . In addition, there is a case where the height of 
10 the specimen varies during the inspection so that the 
specimen is displaced from the focus of the objective 
lens. Thus, an image may be indistinct. In order to cor- 
rect such a focal displacement, focal displacement cor- 
rection is executed in some specified portions. A posi- 
'5 tional displacement between images before and after 
the control value of the alignment deflector is varied is 
analy;?ed in an analysis method using phase difference 
of Fourier transform images. A control value variation of 
the objective lens required for making the positional dis- 
20 placement be is obtained, and correction is done 
(see Fig. 14). Afterconflrmation and recording are made 
that the focus is in the setting range, inspection is started 
again. In addition, the degree of indistinctness of an im- 
age may be monitored so that focal displacement cor- 
25 rection can be executed in optimum correction portions 
and an optimum number of times. When defective por- 
tions are extracted, there are included a large number 
of steps in which positional displacement between im- 
ages is analyzed and corrected. In the displacement 
30 analysis method using phase difference of Fourier 
transform images, the displacement analysis result and 
the degree of coincidence are outputted. By use of this 
degree of coincidence as an index for image indistinct- 
ness, conclusion is made that the image has got Indls- 
35 linct if the degree of coincidence is not higher than a 
designated value. Then, focus correction is executed. 
[0070] Incidentally, consideration is made that image 
indistinctness Is also caused by deterioration of the 
states of a specimen such as electrification of the spec- 
<o imcn, contamination adhering to the specimen, or the 
like, as well as focal displacement. If the inspected sem- 
iconductor wafer 109 or the electron beam optics adjust- 
ing specimen is continuously irradiated with the primary 
electron beam 1 1 9, the contrast is fluctuated due to the 
45 Influence of electrification, or contamination adheres to 
the wafer 109 or the specimen. To restrain such deteri- 
oration, the primary electron beam 119 irradiates a 
blanking plate provided in the middle of the optics by a 
blanking electrode unless an electron beam image is ac- 
50 quired or Inspected. However, electrification or contam- 
ination adhesion may occur in some vacuum state in the 
Inspection chamber or in some contamination state of 
the semiconductor wafer. Although it is difficult to take 
measures against specimen deterioration in real time 
55 during inspection, specification can be made on the ba- 
sis of the focal displacement analysis result as to wheth- 
er image Indistinctness is caused by focal displacement 
or not. Recording of focal displacements can be utilized 
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as a data base for optimizing the inspection conditions. 
On the other hand, the degree of coincidence showing 
information of image indistinctness can be utilized as a 
margin for erroneous detection in the detection result. 
Therefore, the degree of coincidence or the focal dis- 
placemenl analysis result during inspection is preferably 
recorded. 

[0071] In addition, gain/offset adjustment of the sec- 
ondary electron detector may be required due to lower- 
ing of the output of the electron source or the like. First, 
an initial value of gain/offset during inspection is set with 
reference to the gain/offset table on the basis of the gain/ 
offset in the electron beam optics adjusting specimen. 
The mean value and the variance of image intensity can 
be calculated in a comparatively short time. Therefore, 
the mean value and the variance are utilized for the gain/ 
offset correction during inspection. The mean value and 
the variance of image intensity are calculated timely, 
and the gain/offset of the secondary electron detector is 
corrected so that the mean value and the variance are 
put in their specified ranges. 

[0072] Inspection is proceeded with while executing 
the above-mentioned correction. The contents of de- 
fects are confirmed in accordance with necessity. The 
result is recorded and the wafer is unloaded. Then, the 
inspection is terminated. Not only recording of defect 
portions but also recording of conditions of image indis- 
tinctness using the degree of coincidence between im- 
ages, or recordings of various corrections are left in the 
result of inspection. Erroneously detected areas can be 
estimated with reference to such recordings. Thus, the 
reliability of the inspection result can be evaluated and 
improved. 

(Embodiment 3) 

[0073] Fig. 26 is a view showing a whole configuration 
of an apparatus in which a focused ion beam irradiation 
column and a scanning electron microscope column 
have been combined. This apparatus is chiefly consti- 
tuted by a focused ion beam irradiation column 381 hav- 
ing an ion source 351, a lens 352 for focusing an ion 
beam emitted from the ion source 351 , a deflector 353, 
a deflector 373 for correction, an objective lens 371 , and 
so on; a scanning electron microscope column 382 hav- 
ing an electron gun 357. a lens 359 for focusing an elec- 
tron beam 358 emitted from the electron gun 357, a de- 
flector 360, a deflector 374 for correction, an objective 
lens 372, and so on; and a vacuum specimen chamber. 
In addition, this apparatus has a secondary particle de- 
tector 356 for irradiating a specimen 361 with a focused 
ion beam (FIB) 354 to thereby detect secondary elec- 
trons or secondary ions from the specimen, a movable 
specimen base 362 for mounting the specimen 361 ther- 
eon, and a specimen position controller 363 for control- 
ling the position of the specimen base. Further, this ap- 
paratus is provided with a probe control unit 365 driven 
independently of the specimen base 362 so as to move 



a probe 364 to a specimen piece extraction position, a 
deposition gas supply unit 367, an image processing 
unit 366 for analyzing an observed image from the sec- 
ondary particle detector 356, a central control and dis- 
5 play unit 355 for displaying the observed image, and so 
on. 

[0074] Next, the operation of this apparatus will be de- 
scribed. First, the specimen 361 is irradiated with ions 
emitted from the ion source 351 through the lens 352, 

10 the deflector 353, the deflector 374 for correction, and 
the objective lens 371 . The FIB 354 is narrowed so as 
to have about several nanometers to 1 micrometer in 
diameter on the specimen. When the specimen 361 is 
irradiated with the FIB 354, constituent atoms in the sur- 

'5 face of the specimen are released into a vacuum by a 
sputtering phenomenon. Thus, processing on a microm- 
eter level or on a submicrometer level can be made by 
scanning with the FIB 354 by use of the deflector 353. 
In addition, a deposition film formed by irradiation with 

20 the FIB 354 is used for connecting a contact portion at 
the pointed end of the probe 364 with the specimen, or 
for fixing an extracted specimen to a specimen holder. 
In addition, secondary electrons or secondary ions re- 
leased from the specimen are detected by the second- 

25 ary particle detector 356 while scanning with the FIB 
354. The intensity of the secondary electrons or the sec- 
ondary ions is converted into luminance of an image so 
that the specimen 361 , the probe 364 and so on can be 
observed. 

30 [0075] In this apparatus, it the ion beam irradiation ax- 
is is displaced from the center axis, the ion beam diam- 
eter Is expanded, and the ion beam shape is degraded. 
Thus, there Is a case where a desired processed shape 
cannot be produced. In order to maintain high process- 
es ing performance, it is therefore necessary to minimize 
the axial displacement of ion beam inradiation before 
processing. Therefore, description will be made about 
an example in which the present invention is applied to 
the alignment of ion beam irradiation in this apparatus. 
"^o The alignment in this apparatus can be performed In the 
same manner as that in the scanning electron micro- 
scope described previously. That is, first, the objective 
lens 371 is set into a first state, and the specimen 361 
is irradiated with the FIB 354 so that a first image is 
<s picked up. The control value of the objective lens 371 is 
varied to change the objective lens 371 into a second 
state. Then, a second image is picked up. The image 
processing unit 366 calculates a positional displace- 
ment and a degree of coincidence between the first and 
50 second images by use of a displacement analysis meth- 
od using phase difference of Fourier transfomn images, 
judges whether alignment should be carried out or not 
on the basis of the degree of coincidence, and calcu- 
lates the control value of the deflector 373 for correction 
55 required for making the positional displacement be sub- 
stantially zero. Further in this apparatus, in the sama 
manner as that in the scanning electron microscope de- 
scribed previously, it is difficult to measure the physical 
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absolute value of a focal displacement variation caused 
by the variation of the control value of the objective tens 
371, or the physical absolute value of the displacement 
angle variation caused by the variation of the control val- 
ue of the deflector 373 for correction. In addition, in order 
to make the axial displacement be subslanlially ^ero, it 
is not necessary to know the absolute value of the focal 
displacement variation or the displacement angle vari- 
ation. Therefore, the positional displacement is convert- 
ed directly into a variation of the control value of the de- 
flector 373 for correction, and the control value of the 
deflector 373 for correction is set on the basis of the cal- 
culation result. Thus, the axial displacement is correct- 
ed. 

[0076] Incidentally, here, in order to convert the posi- 
tional displacement into a control value variation of the 
alignment deflector 373, it is necessary to measure the 
relationship between the control value variation of the 
alignment deflector 373 and the positional displacement 
in advance. This measurement can be performed in the 
same manner as that in the scanning electron micro- 
scope described previously. Therefore, detailed de- 
scription thereof will be omitted. 

[0077] Next, description will be made about the case 
where a part of a specimen is extracted as a micro-spec- 
imen by use of the FIB and the probe so that a sectional 
plane of the micro-specimen is observed by an electron 
microscope function in this apparatus. First, as shown 
in Fig. 27, the specimen 361 is irradiated with the FIB 
354 through the focused ion beam column 381 so that 
a groove is formed to enclose an observation and anal- 
ysis position In combination with the rotation of the spec- 
imen base. This worked area is about 5 p.m long, about 
1 \Lm wide, and 3 \im deep, connecting with the speci- 
men 361 on its one flank. After that, the specimen base 
362 is rotated, and slopes of a triangular prism are 
formed by working with the FIB 354. However, in this 
state, a micro-specimen 391 and the specimen 361 are 
connected through a support part s2. Next, after the 
probe 364 is brought into contact with an end portion of 
the micro-specimen 391 , deposition gas is deposited on 
a contact point 393 by irradiation with the FIB 354 so 
that the probe 364 is bonded integrally with the micro- 
specimen 391 . Next, the support part is cut off by the 
FIB 354 so that the micro-specimen 391 is cut out. The 
micro-specimen 391 is in a state of being supported by 
the probe 364. Thus, preparation for extracting a surface 
and an internal cross-sectional plane for observation 
and analysis as observation and analysis planes of the 
micro-specimen 391 is completed. Next, as shown in 
Fig. 28, the probe control unit 365 is operated to lift the 
micro-specimen 391 to be high enough to float from the 
surface of the specimen 361 . Then, in order to addition- 
ally work the micro-specimen 391 while supporting the 
micro-specimen 391 by the probe 364, a desired cross- 
sectional plane p3 for observation is produced by addi- 
tional working of the micro-specimen 391 in which the 
irradiation angle of the FIB 354 is established suitably 



by the rotation operation of the probe. Next, the micro- 
specimen 391 is rotated: and the specimen holder 392 
of the probe control unit 365 is moved so that the elec- 
tron beam 358 of the scanning electron microscope col- 
5 umn 382 enters the cross-sectional plane p3 for obser- 
vation subslanlially perpendicularly thereto. After the 
posture of the micro-specimen 391 is controlled thus, 
the micro-specimen 391 is made to stand still. As a re- 
sult, the detection efficiency of secondary electrons in 
10 the secondary particle detector 356 comes up to that in 
the case where the uppermost surface of the wafer is 
observed. Thus, minute observation and analysis can 
be performed while the observation conditions of the 
cross-sectional plane p3 for observation of the micro- 
ns specimen 391 are very excellent, and the angle with the 
plane p2 for observation and analysis and the angle with 
the cross-sectional plane p3 for observation are adjust- 
ed to be desired ones. 

[0078] When the shape is observed thus, the field of 

20 view may be displaced due to specimen drift, stage mi- 
cromotion error, or the like. In order to correct this dis- 
placement of the field of view, positional displacement 
adjustment by use of the observation of the micro-spec- 
imen is executed. First, a first image of the micro-spec- 

25 imen is acquired. Next, a second image of the micro- 
specimen is acquired. Then, a positional displacement 
from the recorded first image is analyzed in an analysis 
method using phase difference of Fourier transform im- 
ages, and the positional displacement and the degree 

30 of coincidence are calculated. If the degree of coinci- 
dence Is not lower than a lower limit, the displacement 
of the field of view is corrected by the specimen base or 
the deflector for correction. When the degree of coinci- 
dence is not higher than the lower limit, there is a pos- 

35 sibility that the micro-specimen is out of the field of view. 
Therefore, the image take-in magnification is reduced, 
and a second image is taken in. Then, the displacement 
analysis is performed with an image obtained by reduc- 
ing the recorded first image in the computer. When dis- 

40 placement analysis cannot be perfonned in the rcanal- 
ysis, an error message is displayed, and the observation 
is interrupted. Thus, while the drift of the micro-speci- 
men is corrected, observation and working can be per- 
formed on the specimen with high accuracy. 

45 

(Embodiment 4) 

[0079] Generally, when the focus position is varied, 
the parallax or the best focal point differs in accordance 

50 with the degree of the axial displacement of a primary 
particle beam. For example, when the axis is displaced 
largely, the primary particle beam cannot be narrowed 
sufficiently even in a primary focus. Further, the parallax 
becomes large relatively to the focus variation of the 

55 lens. In order to detect the axial displacement in such 
circumstances, it is necessary to use a comparatively 
large image area. On the other hand, the detection res- 
olution of the parallax is lowered as the image area is 
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expanded. Therefore, in order to detect the axis with 
high accuracy, it is necessary to use a small image area. 
Thus, in order to expand the application range of the 
axial correction, it is necessary to suitably select an im- 
age area for analyzing the focal variation or the parallax 
in accordance with the degree of the axial displacement. 
In addition, in an image with a wide field of view, the 
periphery of the image is shifted with the focal variation 
of the lens due to the rotation operation of the objective 
lens even if there is no axial displacement. Therefore, 
in an imago with a wide field of view, if a central part and 
a peripheral part of the image and the parallax are an- 
alyzed separately from one another, erroneous detec- 
tion of axial displacement is prevented so that the relia- 
bility of the detection can be enhanced. That is, in the 
situation where the axis is aligned, the parallax is large 
in the periphery of the image with the wide field of view, 
but small in the center part thereof. On the other hand, 
if the axis is displaced largely, the parallax in the periph- 
ery of the image with the wide field of view becomes 
substantially equal to that in the central part thereof. If 
parallax is analyzed in a plurality of image areas by use 
of this phenomenon, rough adjustment of axial displace- 
ment can be performed on the basis of an image with a 
wide field of view. If the information of the image (sen- 
sitivity to detect field view displacement) is sufficient, it 
IS possible to obtain a similar effect in the analysis of 
parallax in a partial image in the center part. 
[0080] If the image area is narrowed (the magnifica- 
tion is increased), indistinctness of an image with re- 
spect to the focal variation increases. It is therefore nec- 
essary to reduce ttie focal variation on the condition of 
high magnification. In order to detect axial displacement 
with high reliability on the condition of a wide range of 
axial displacement, it is therefore necessary to control 
the image area for analysis of parallax and the focal var- 
iation in a predetennined relation. Such a step of align- 
ment will be described below. 

1 ) Images different in focus are acquired on the con- 
dition of a wide field of view (low magnification), and 
parallax is analyzed in partial images of an image 
center part and an image peripheral part. 

2) Parallax is analyzed from the partial images of a 
center part and a peripheral part of each image, and 
if the axial displacement is judged to be not smaller 
than a predetermined level, the analyzed parallax 
is fed back to alignment means. 

3) Focus correction based on the parallax is per- 
formed. 

4) Images different in focus are acquired in a narrow 
field of view (high magnification), and parallax is an- 
alyzed by use of a whole image area. If the axial 
displacement is judged to be not smaller than the 
predetermined level, the analyzed parallax is fed 
back to the alignment means. 



(Embodiment 5) 

[0081 ] In order to acquire an omnlfocal image focused 
over the whole image area in a specimen having irreg- 

5 ularities deeper than the focal depth of an optics. It is 
necessary to measure the irregular stale of the speci- 
men in advance, acquire a plurality of images on nec- 
essary focal conditions, and combine these images. At 
this time, detection of focal conditions based on parallax 

10 is effective to analyze the irregularity distribution in the 
whole image area. The image area is divided into a plu- 
rality of images (respective divided images may overlap 
one another), and parallax is analyzed in each of the 
divided images. Thus, the distribution of focal displace- 

^5 ment for places of the image area can be obtained. For 
example, if parallax analysis of divided images is per- 
formed on a semiconductor pattern having a partial 
structure constant in height or depth, two (for example, 
surface and hole bottom) focal positions (displacements 

20 from a primary focus) are detected in the image as a 
whole. In this case, if images (two) are acquired in these 
focal positions respectively, a required omnifocal image 
can be synthesized from the acquired images. On the 
other hand, in the case of a biotic specimen or a general 

25 material, it is considered that an irregularity level is dis- 
tributed continuously in the field of view. In this case, 
different focal displacements are detected from parallax 
of the divided images respectively. In this case, if a max- 
imum value and a minimum value of the focal displace- 

30 ments are obtained, and an image is acquired while var- 
ying the focus at an equal interval so as to cover the 
whole range of the focal displacements, an omnifocal 
image can be synthesized. The focal variation at this 
time may have a step width corresponding to the focal 

35 depth of the electron beam optics. This is because the 
focus can be adjusted within the focal depth even if there 
are irregularities. In order to perform such processing 
automatically, it is necessary to perform parallax analy- 
sis on each of partial images so as to obtain the drstri- 

40 button of focal displacement. Such a step of synthesiz- 
ing an image described above will be shown below. 

1) Specimen images are acquired at different inci- 
dent angles respectively by use of a particle beam 

45 deflection system (for example, an alignmerit coil) 
which can control the incident angle to an objective 

lens. 

2) A plurality (two) of the obtained specimen images 
are divided into predetermined partial images. The 

50 divided images may overlap one another. 

3) Parallax is analyzed between partial images cor- 
responding to each other so as to obtain the distri- 
bution of parallax in the images. 

4) When the distribution of parallax is concentrated 
55 in specific places, images are acquired on focal 

conditions corresponding to the parallax, and an 
omnifocal image is synthesized from these images. 

5) When the parallax is distributed uniformly in a 



50 



35 



EP 1 202 320 A2 



36 



certain range, the range (distribution range of par- 
allax) is obtained, and the following processing is 
performed. 

6) A range of focal positions corresponding to the 
distributloh range of parallax Is calculated there- 
from. 

7) Focal depth of the electron beam optics is calcu- 
lated from the image acquiring conditions, and a 
plurality of images are acquired with a focal varia- 
tion approximately as large as this focal depth. 

8) An omnifocal image is synthesized from the plu- 
rality of obtained Images. 

[0082] In comparison with a conventional automatic 
alignment unit, a displacement analysis method using 
phase difference of Fourier transform images adopted 
in the present invention can operate even in a low-con- 
trast field of view. Thus, the applicable specimen range 
of this displacement analysis method expands a lot. In 
addition, in this displacement analysis method, the an- 
alytic accuracy of an axial displacement a is proportion- 
al to the analytic accuracy of a positional displacement 
D, and the analytic accuracy is in the level of sub-pixel. 
By adopting such a displacement analysis method, cor- 
rection with accuracy as high as that by a skilled oper- 
ator can be carried out in several seconds. In addition, 
in this displacement analysis method, the degree of co- 
incidence between Images is calculated. A lower limit of 
the degree of coincidence is set for the case where dis- 
placement analysis becomes impossible because a 
specimen is out of a field of view or an Image is indistinct. 
There is provided a flow chart in which alignment is in- 
terrupted if the calculated degree of coincidence is not 
higher than the lower limit. In addition, there may be pro- 
vided such a^fiow that when displacement analysis is 
impossible, the focal variation or the magnification is re- 
duced, and correction is performed again. Thus, the dis- 
placement analysis method can also deal with un- 
manned operation of an apparatus for charged particle 
beam microscopy. 

[0083] Axial displacement occurs whenever the ex- 
traction conditions of an electron beam from an electron 
source is varied. Particularly, a field emission type elec- 
tron gun Is easily affected by gas in a mirror body sucked 
on the pointed end of the electron gun. Thus, such an 
electron gun often varies the extraction conditions of an 
electron beam such as extraction voltage or the like. It 
can be therefore said that it is important to automate 
alignment. In addition, in the inspection of a semicon- 
ductor wafer, a retarding voltage is often varied to opti- 
mize the image contrast. An optics Is fine-adjusted 
whenever the retarding voltage is varied in accordance 
with a pattern. It is therefore important to automate align- 
ment. 

[0084] As for a focus corrector, focus analysis using 
parallax is improved to be applicable also to an appara- 
tus in which a deflection fulcrum does not agree with an 
In-focus plane. Thus, a focus analysis method using par- 



allax is made applicable to any apparatus for charged 
particle beam microscopy. The focus correction method 
using parallax is characterized In that the method is low 
in specimen dependency and can operate at a high 

5 speed. 

[0085] In addilion, focus correction using a specimen 
for adjusting an electron beam oplics and focus correc- 
tion in a real device are distinguished. The focus correc- 
tion for the specimen for adjusting the electron beam 

'0 optics is executed in a method based on sharpness or 
Fourier transform of Images. On the other hand, fine ad- 
justment of focus on the real device is executed in a focal 
displacement correction method according to the 
present invention. Thus, the operation is made stable 

'5 and high In speed. In addition, since the focus correction 
can be executed on the real device, the focus can be 
adjusted in each position for observation also in a pat- 
tern having large irregularities. 

[0086] Further an error prevention flow is added us- 
20 ing a degree of coincidence between images as a crite- 
rion for evaluation. The degree of coincidence is calcu- 
lated in displacement analysis. Thus, the displacement 
analysis method can also deal with unmanned opera- 
tion. In addition, the focal displacement and the degree 
25 of coincidence are recorded. In this case, the apparatus 
adjustment condition before pattern inspection can be 
checked, or erroneous areas after the pattern inspection 
can be checked. The recording of the focal displace- 
ment can be used also as recording of the irregularities 
30 in the wafer surface. 



Claims 

35 1 . An apparatus for charged particle beam microscopy 
comprising: 

a recording unit for recording a first charged 
particle beam image obtained when a focus of 

4^ a lens (19, 14_1, 14__2, 352) for charged parti- 

cle beam on a specimen (24, 361 ) is located in 
a first position and a second charged particle., 
beam image obtained when said focus is locat- 
ed in a second position; 

^5 a calculation unit (23. 366) for analyzing a po- 

sitional displacement between said first and 
second charged particle beam images and a 
degree of coincidence indicating a degree of re- 
semblance between said first and second 
charged particle beam images; 
a judgement unit (23, 366) forjudging from said 
degree of coincidence whether said positional 
displacement can be converted into an axial 
displacement of a primary charged particle 

55 beam (30^ 354) relative to said lens (1 9, 1 4_1 , 

14_2, 352) for charged particle beam; and 
an alignment unit {16, 13, 15_1. 15_2, 373) for 
correcting said axial displacement of said pri- 
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mary charged particle beam (30. 354) relative 
to said lens (19. 14„1 , 14_2, 352) for charged 
particle beam in response to an alignment sig- 
nal calculated from said positional displace- 
ment. s 

2. An apparatus for charged particle beam microscopy 
according to Claim 1 , wherein an image area for an- 
alyzing said positional displacement and said de- 
gree of coincidence is of one partial image or a plu- io 
rality of partial images, smaller than a taken-in im- 
age area. 

3. An apparatus for charged particle beam microscopy 
comprising: is 

a recording unit for recording a first charged 
particle beam image obtained when a focus of 
a lens (19, 14_1, 14_2, 352) for charged parti- 
cle beam on a specimen (24, 361) is located in 20 
a first position and a second charged particle 
beam image obtained when said focus is locat- 
ed in a second position; 

a calculation unit (23, 366) for analyzing a po- 
sitional displacement between said first and 25 
second charged particle beam images and a 
degree of coincidence indicating a degree of re- 
semblance between said first and second 
charged particle beam images; 
a display unit for said degree of coincidence; 30 
and 

a display unit for a control value variation of an 
alignment system calculated from said posi- 
tional displacement. 

35 

4. An apparatus forcharged particle beam microscopy 

comprising; 

a recording unit for recording a first charged 
particle beam image obtained when a control 
value of an astigmatism corrector {14_1 , 14_2) 
forcharged particle beam is a first and a second 
charged particle beam image obtained when 
said control value is a second value; 
a calculation unit (23) for analyzing a positional 45 
displacement between said first and second 
charged particle beam images and a degree of 
coincidence indicating a degree of resem- 
blance between said first and second charged 
particle beam images; so 
a judgement unit (23) for judging from said de- 
gree of coincidence whether said positional dis- 
placement can be converted into an axial dis- 
placement of said astigmatism corrector (1 4_1 , 
14„2) for charged particle beam; and ss 
an alignment unit (15_1, 15_2) for correcting 
said axial displacement of said astigmatism 
corrector (14_1, 14_2) for charged particle 



beam in response to an alignment signal calcu- 
lated from said positional displacement. 

5. An apparatus for charged particle beam microscopy 
comprising: 

a recording unit for recording a first charged 
particle beam image obtained when a control 
value of an astigmatism corrector (1 4_1 , 1 4_2) 
for charged particle beam is a first and a second 
charged particle beam imago obtained when 
said control value is a second value; 
a calculation unit (23) for analyzing a positional 
displacement between said first and second 
charged particle beam images and a degree of 
coincidence indicating a degree of resem- 
blance between said first and second charged 
particle beam images; 

a display unit for said degree of coincidence; 
and 

a display unit for a control value variation of an 
alignment system (15_1 , 15_2) calculated from 
said positional displacement. 

6. An apparatus for charged particle beam microscopy 
comprising: 

a calculation unit (23) for analyzing a first posi- 
tional displacement between a first charged 
particle beam image obtained when a focus of 
a lens (19, 14_1, 14_2) for charged particle 
beam on a specimen (24) is located in a first 
position and when a control value of a deflector 
(16, 15_1 , 15_2) for varying an incident angle 
of a charged particle beam to said specimen 
(24) is a first value, and a second charged par- 
ticle beam image obtained when said control 
value of said deflector (1 6, 1 5_1 , 1 5_2) is a sec- 
ond value; 

a calculation unit (23) for analyzing a second 
positional displacement between a third 
charged particle beam image obtained when 
said focus of said lens (19, 14_1, 14_2) for 
charged particle beam on said specimen (24) 
is located in a second position, and when said 
control value of said deflector (1 6, 1 5_1 , 1 5_2) 
is a third value and a fourth charged particle 
beam image obtained when said control value 
of said deflector (16, 15_1, 15_2)isafourth val- 
ue; and 

a control unit (23) for obtaining, from a differ- 
ence between said first positional displacement 
and said second positional displacement, a 
control value of said lens (19, 14_1, 14_2) for 
charged particle beam required for setting said 
focus of said lens (1 9, 14_1 , 14_2) for charged 
particle beam on said specimen (24) in said first 
position, and correcting said focus of said tens 
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(19, 14_1 , 14_2) for charged particle beam on 
said specimen (24) into a first setting, 

7. An apparatus for charged particle beam microscopy 
comprising: 5 

a calculation unit (23) for analysing a first posi- 
tional displacement between a first charged 
particle beam image obtained when a focus of 
a lens (19, 14_1, 14_2) for charged particle io 
beam on a specimen (24) is located in a first 
position and when a control value of a deflector 
(16. 15_1, 15„2) for varying an incident angle 
of a charged particle beam to said specimen 
(24) is a first value, and a second charged par- 15 
tide beam image obtained when said control 
value of said deflector (16, 15_1 , 1 5_2) is a sec- 
ond value; 

a calculation unit (23) for analyzing a second 
positional displacement between a third 20 
charged particle beam image obtained when 
said focus of said lens (19, 14_1, 14_2) for 
charged particle beam on said specimen (24) 
is located in a second position and when said 
control value of said deflector (16, 15_1 , 15_2) 25 
is a third value, and a fourth charged particle 
beam image obtained when said control value 
of said deflector (1 6. 1 5_1 , 1 5_2) is a fourth val- 
ue, and for analyzing a degree of coincidence 
indicating a degree of resemblance between 30 
said third and fourth charged particle beam im- 
ages; 

a judgement unit (23) forjudging from said de- 
gree of coincidence whether a difference be- 
tween said first positional displacement and 35 
said second positional displacement can be 
converted into a focal displacement of said lens 
(19, 14_1, 14_2)forcharged particle beam; and 
a control unit (23) for correcting said focus of 
said lens (19, 14_1 , 1 4_2) for charged particle 40 
beam on said specimen (24) into a first position 
in response to a correction signal calculated 
from said difference between said first position- 
al displacement and said second positional dis- 
placement. 45 

I. An apparatus for charged particle beam microscopy 
comprising: 

a calculation unit (23) for analyzing a first posi- so 
tlonal displacement between a first charged 
particle beam image obtained when a focus of 
a lens (19, 14_1, 14_2) for charged particle 
beam on a specimen (24) is located in a first 
position, and a control value of a deflector (16, ss 
15_1, 15_2) for varying an incident angle of a 
charged particle beam to said specimen (24) is 
a first value and a second charged particle 



beam image obtained when said control value 
of said deflector (16, 15_1, 15_2) is a second 
value; 

a calculation unit (23) for analyzing a second 
positional displacement between a third 
charged particle beam image obtained when 
said focus of said lens (19. 14_1, 14_2, 352) 
for charged particle beam on said specimen 
(24) is located in a second position, and said 
control value of said deflector (16, 15_1 , 15_2) 
is a third value and a fourth charged particle 
beam image obtained when said control value 
of said deflector (1 6, 1 5_1 , 1 5J2) is a fourth val- 
ue, and a degree of coincidence indicating a de- 
gree of resemblance between said third and 
fourth charged particle beam Images; 
a display unit for said degree of coincidence; 
and 

a display unit for a control value variation of said 
lens (19, 14_1, 14_2) forcharged particle beam 
required for correcting said focus of said lens 
(1 9, 1 4_1 . 1 4_2) for charged particle beam on 
said specimen (24) into a first setting. 

An inspection apparatus for inspecting defects of 
patterns fomned on an inspected substrate (109) 
from comparative images of charged particle beam 
images in two areas on said inspected substrate 
(109), said inspection apparatus comprising: 

a calculation unit for calculating a positional dis- 
placement and a degree of coincidence be- 
tween patterns on said charged particle beam 
images in said two areas by use of a synthe- 
sized image of phase components of Fourier 
transform images of said charged particle 
beam images; and 

a judgement portion for judging from said de- 
gree of coincidence whether adjustment of an 
apparatus for charged particle beam microsco- 
py is executed or not. 

An inspection apparatus for inspecting defects of 
patterns formed on an inspected substrate (109) 
from comparative images of charged particle beam 
images in two areas on said inspected substrate 
(109), said inspection apparatus comprising : 

a calculation unitforcalculating a positional dis- 
placement and a degree of coincidence be- 
tween patterns on said charged particle beam 
images in said two areas by use of a synthe- 
sized image of phase components of Fourier 
transfonn Images of said charged particle 
beam images; and 

a recording unit for recording said positional 
displacement and said degree of coincidence. 
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11. An inspection apparatus for extracting defects on 
an inspected substrate (1 09) from charged particle 
beam images, said inspection apparatus compris- 
ing: 

an input unit for inputting a selling range of a 
charged particle beam opllcs; 
a control unit for correcting said charged parti- 
cle beam optics into said setting range; and 
a recording unit for recording a correction result 
of said charged particle beam optics. 

12. An apparatus for charged particle beam microscopy 
comprising: 

an incident condition control unit for controlling 
incident conditions to an objective lens; 
an image acquiring unit for taking in a plurality 
of images on incident conditions varied by said 
control unit; 

an image dividing unit for dividing said obtained 
images into a plurality of partial images respec- 
tively; 

a parallax analyzing unit for analyzing parallax 
for every divided image; and 
a focal displacement analyzing unit for analyz- 
ing a range of focal displacement in each image 
as a whole on the basis of parallax of every par- 
tial divided image. 

13. An apparatus for charged particle beam microscopy 
according to Claim 12, further comprising: 

a focus determining unit for determining a plu- 
rality of focal conditions from an output of said 
parallax analyzing unit and said range of focal 
displacement obtained by said focal displace- 
ment analyzing unit; and 
an image acquiring unit for acquiring images on 
said plurality of focal conditions determined by 
said focus determining unit. 

14. An apparatus for focused ion beam microscopy 
comprising: 

an ion source (351); 

an astigmatism corrector (373) for varying an 
incident sectional shape of a focused ion beam 
(354) on a specimen (361); 
a focused ion beam lens (352) for focusing an 
ion beam; 

a specimen base (362) for holding said speci- 
men (361); 

an image processing unit (366) for analyzing a 
first positional displacement between a first 
scanning ion microscope image and a second 
scanning ion microscope image when said 
astigmatism corrector (373) is located in a first 



position, said first scanning ion microscope im- 
age being obtained by charged particles from 
said specimen (361) by irradiating said speci- 
men (361) with said focused ion beam (354) 
passing through said focused ion beam lens 
(352) when a focus position of said focused ion 
beam lens (352) is located in a first position, 
said second scanning ion microscope image 
being obtained when said focus position of said 
focused ion beam lens (352) is located in a sec- 
ond position; 

an image processing unit (366) for analyzing a 
second positional displacement between third 
and fourth scanning ion microscope images ob- 
tained when said focus of said focused ion 
beam lens (352) is located in third and fourth 
positions respectively, when said astigmatism 
corrector (373) is put in a second setting; and 
a control unit (366) for calculating a variation of 
a control parameter for said astigmatism cor- 
rector (373) from a difference between said first 
positional displacement and said second posi- 
tional displacement, and correcting an astigma- 
tisrn of said focused ion beam (354); 

15. An apparatus for charged particle beam microsco- 
py, comprising: 

a charged particle source (11); 

a specimen base (20) for mounting a specimen 

(24) thereon; 

a scanning deflector (1 7) for scanning and de- 
flecting said specimen (24) with a primary 
charged particle beam (30) from said charged 
particle source (11) ; 

an objective lens (19) for irradiating said spec- 
imen (24) with said primary charged particle 
beam (30); 

an axial deflector (16) disposed between said 
charged particle source (11) and said objective 
lens (19) for shifting said primary charged par- 
ticle beam (30); 

a detector (21) for irradiating said specimen 
(24) on said specimen base (20) with said pri- 
mary charged particle beam (30) and detecting 
a secondary charged particle beam from said 
specimen (24); 

a memory unit for storing a first image signal 
and a second image signal detected by said de- 
tector (21 ) synchronously with a signal of said 
scanning deflector (17); 
an operation unit (23) forperfomning an opera- 
tion to obtain a positional displacement be- 
tween said first image and said second Image 
and a degree of coincidence indicating a de- 
gree of resemblance between said images by 
use of a synthesized Image of phase compo- 
nents of Fourier transform Images of said first 
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and second Images; 

a judgement unit (23) for judging whether said 
degree of coincidence in said operation unit is 
lower than a predetermined value or not; and 
a control unit (23) for converting said positional 
displacement obtained In said operation unit In- 
to an alignnnent signal to be fed back to said 
axial deflector (1 6), and sending said alignment 
signal thereto. 



10 



16- An inspection method for inspecting a specimen us- 
ing a charged particle beam, by use of an inspection 
apparatus having a charged particle source (110); 
a specimen base (130) for mounting a specimen 
(109) thereon; a scanning deflector (115) for scan- 15 
ning and deflecting said specimen (109) with a pri- 
mary charged particle beam (119) from said 
charged particle source (110); an objective lens 
(116) for irradiating said specimen (109) with said 
primary charged particle beam (119); an axial de- 20 
fleeter (152) disposed between said charged parti- 
cle source (110) and said objective lens (116) for 
shifting said primary charged particle beam (119); 
a detector (1 07) for in-adiating said specimen (1 09) 
on said specimen base (130) with said primary 25 
charged particle beam (119) and detecting a sec- 
ondary charged particle beam (1 46) from said spec- 
imen (109); and a memory (138, 139) for storing a 
first image signal and a second image signal detect- 
ed by said detector (1 07) synchronously with a sig- 30 
nal of said scanning deflector (115); said inspection 
method comprising the step of: 

scanning a first area on said specimen (109) 
with said primary charged panicle beam (119) 35 
so as to obtain a first image in first conditions 
of an electron beam optics (1 03) for obtaining 
said primary charged particle beam (119); 
obtaining in second conditions different from 
said first conditions; 40 
obtaining a degree of coincidence image from 
said first image and said second Image by use 
of a phase limitation method, said degree of co- 
incidence indicating resemblance between 
said first Image and said second; and 45 
storing said degree of coincidence obtained in 
said step of obtaining said degree of coinci- 
dence. 
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